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ABSTRACT
Single-crystal X-ray crystallographic investigations have been 
carried out in order to determine the crystal structures of several 
chromium(II) complex halides and thiocyanates.
The magnetically-dilute complexes [C(KH2 ) 3 ] 2 CrEr^ (MeCOOH) 2  an<^  
[IIITe2 II2 ]2CrSr4^^gCCOH) 2  have been shown to have structures which consist 
of discrete, planar [CrBr^HeOOOR^l 2“ units which are separated by the 
relevant cation. The structure of the complex [HPy] 2 CrBr^ (OH2 ) 2  that of 
discrete diaquadibromochromium(II) units and bromide ions and is better 
formulated as [CrB^Oh^^]*2(Rpy)Br.
Of the chromium (I I) complex thiocyanates studied, the red form of 
[Bu^N] 2 Cr (PCS) & has a structure in which square-planar, K-bonded 
[Cr(NCS)]2" units are separated by [Bu^K]+ cations. The structure of the 
blue form of [Bu^N] 2 <2 r (KCS) 4 , which is antiferromagnetic, was found to 
contain [Cr2 (hCS)0 ]^‘" dimers which allow “superexchange" to occur between 
two adjacent chromium(II) ions and are separated by [Bu^K]+ cations. The 
magnetically dilute [Et^K^CrfNCSJ^.EtQH has a structure which consists of 
discrete, square-pyramidal [Cr (PCS) ^ .EtOH] anions separated by 
tetraethylamrnoniuRi cations. Cr (tu^CNCS) 9 is shovm to consist of seemingly 
discrete square-planar Cr(tu)p(NCS) 9  units and the antiferromagnetic 
interaction found in this complex is probably due to direct interaction 
between the chromium (II) atoms in adjacent units.
The ternary halides [PlPy] CrClg, [ 13 P y ] CrClxBr 3 _x and 
[ (0 1 3 )2 ^ 3 ]CrClxBr3 _y have been shown to be essentially isostructural, 
with structures consisting of one-dimensional anionic chains which are 
separated by cations.
[EtNHg] 2 CrCl4 and [EtNP^] 2 crClxBr4 _x have also been shown to be 
isostructural, consisting of two-dimensional layer structures in which
square-planar [CrX^]^ (X = Cl or Er ) units have their octahedral co­
ordination completed by halide ions from neighbouring [CrX^- units. The 
layers are intercalated by the ethylamrnonium ions.
An attempt was made to determine the structure of Cs2 CrBr4  from 
neutron powder diffraction data using the Rietveld refinement technique.
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Note: In all cases where distances are quoted in Angstroms 
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Chapter One: INTRODUCTION
1.1 Chromium (II)
Chromium, which has the electronic configuration (Ar)3d54s* is 
situated in the first row of the transition metals. Chromium(II) has the 
electronic configuration (Ar)3d^  and its compounds are extremely sensitive 
to aerial oxidation. It is because of this so called "air-sensitive" 
nature of chromium(II) - aqueous solutions of which are generally bright- 
blue - that before the last two decades or so little was known about its 
chemistry. This is generally because suitable methods of handling air- 
sensitive compounds have only become really reliable in this time.
Methods used to facilitate the exclusion of oxygen from air- 
sensitive reactions have ranged from the bell-jar flushed with carbon 
dioxide (as used by Peligot) to the rather more sophisticated all glass 
apparatus-1- used in the preparation and mounting of crystals in the work 
which will be described here. Other slightly less air-sensitive compounds 
have, in the past, been prepared under a layer^ of petroleum ether, 
toluene, etc.
It had been thought8 that one could not prepare chromium(II) salts 
by dissolving chromium metal in the relevant acid. However, it was shown 
by Hunt and Earley^ that any oxidation process was very slow in the near 
neutral solution resulting from the reaction of excess chromium metal with 
the acid. This method was used to prepare5 CrCl2.4H20, CrBr2.6H20 and 
CrSC>4.5H20 used in the preparation of chromium(II) complexes examined in 
this work.
Comprehensive reviews of most chromium (II) complexes known can be 
found in theses by Patel6, Trigg7, Yavari8, Khamar9, Nelson-Richardson10, 
Tucker**, Babar*8, Roberts*8 and Sandell*^.
Another metal which is located in the first row of the transition 
metal series is copper. Copper(II) has a 3d9 configuration. From ligand 
field theory it can be shown that a 3d^ configuration is equivalent to a
3d9 configuration. A consequence of this is that one would expect high- 
spin chromium(II) complexes to be very similar to the corresponding 
copper(II) complexes. This has been shown to be true in the vast majority 
of cases15”19. The' similarity between copper(II) and high-spin 
chromium (II) complexes has been an important tool in the assignment of 
structures to chromium(II) complexes. Until now (with a few exceptions) 
all assignment of structures for chromium(II) complexes has been carried 
out using comparison of X-ray powder photographs of the relevant 
copper(II) and chromium(II) compounds.6-1^
One aspect of high-spin chromium(II) chemistry that one would 
expect to observe is the presence of a Jahn-Teller effect in complexes in 
which the co-ordination around the metal atom is octahedral. Octahedral 
co-ordination results in the original 5D ground term for chromium(II) 
complexes being split into a set of triply degenerate 5T2g orbitals and a 
set of doubly degenerate 5E^ orbitals (see Fig 1.1). The Jahn-Teller^0'^ 
theorem states that any non-linear molecular system in a degenerate 
electronic configuration will be unstable. This results in the molecule 
undergoing some kind of distortion which will lower the symmetry of the 
system and split the degenerate state. It will be seen in later chapters 
that there is quite a marked distortion from regular octahedral co­
ordination in the chromium(II) complexes examined here and elsewhere.
Another most interesting aspect of high-spin chromium(II) chemistry 
is the varying magnetic behaviour exhibited not only between different 
classes of complex but also between complexes within the same class. 
Kato^1 has shown that copper (II) complexes with subnormal magnetic moments 
are not all that uncommon. This is perhaps not surprising as Anderson 
has predicted.that metal clusters in which the d-shell is half-full or 
more will exhibit antiferromagnetism. However, chromium (II) clusters can
t
exhibit antiferromagnetism (the majority of the thiocyanato complexes) or 
ferromagnetism (i.e. [CH3CH2NH3] 2^ 0 .4) even though the d-shell is less

than half-full. Hence, it would seem that magnetically concentrated Cr(II) 
complexes form something of a "half-way house" on which interest has
centered in the hope of understanding more fully the phenomenon of
magnetism.
1.2 Magnetism^ f 25,26,27
As most of the interest in high-spin chromium(II) complexes arises 
from the fact that different complexes have different magnetic properties, 
it seems pertinent to give an introduction to these magnetic properties 
and the reasons as to how each different type of behaviour arises.
Most transition metal complexes exhibit paramagnetism. This 
behaviour is characterised by the presence at room temperature of a 
magnetic moment close to the predicted "spin-only" value. This moment does 
not vary with temperature. Paramagnetism arises from the fact that each 
unpaired electron can be regarded as a small sphere of negative charge 
spinning around an axis. This spinning of charge produces a magnetic 
moment.
The magnetic moment of a single electron is given by
J J  s = g[s(s+l)] V2. g=2
where g is the gyromagnetic ratio and s is the spin quantum number. For a 
system with more than one unpaired electron this equation becomes
yM>s = g[S(S+l)jl/2 : s =E;s 
Hence, for a high-spin chromium(II) complex, in which there are four 
unpaired electrons, the "spin-only" magnetic moment should be 4.9 B.M. 
This is indeed the case and paramagnetic high-spin chromium (II) complexes 
have a room temperature magnetic moment close to this value and the moment 
is temperature invariant.
Closed shells produce a diamagnetic effect. In closed shells the 
electrons are aligned anti-parallel which results in a net moment of zero
for these electrons. However, in the presence of a magnetic field, 
although the electrons in the closed shells remain tightly coupled 
together, the planes of the orbitals are "tipped" slightly producing an
orbital magnetic moment in opposition to the applied field. Hence the 
observed paramagnetism has to be corrected for the very weak diamagnetism 
of the ligands. In simple paramagnetic complexes the Curie Law is 
obeyed^®.
In addition to simple paramagnetism transition metal complexes can 
also exhibit antiferromagnetism or ferromagnetism. Figure 1.2 shows 
idealised plots for paramagnetism,antiferromagnetism and ferromagnetism.
Most complexes which exhibit antiferromagnetism have a diamagnetic 
susceptibility at 0K. As the temperature rises, and hence the spin 
alignment randomises, the susceptibility reaches a maximum at the Neel 
point, T^. Above the susceptibility becomes that of simple 
paramagnetism and the Curie-Weiss Law is obeyed.
In ferromagnetic complexes the Curie-Weiss Law is obeyed at high 
temperatures until, on decreasing the temperature, a point (known as the 
Curie point, Tc ) is reached at which the susceptibility increases 
markedly with decreasing temperature and becomes field dependent.
Paramagnetic complexes are usually referred to as being 
magnetically dilute. It follows from this that complexes that exhibit 
antiferromagnetism or ferromagnetism are magnetically concentrated. This 
magnetic "concentration" occurs because adjacent paramagnetic ions are 
allowed to interact.
For antiferromagnetic complexes there are two ways in which this 
interaction can take place. These are the direct interaction of 
paramagnetic ions and the mechanism of "superexchange".
As the term direct interaction implies, this mechanism involves 
direct overlap between the orbitals containing the unpaired electrons . 
This is the mechanism considered to be responsible for the interactions in
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copper(II) acetate monohydrate.28 In this molecule there is a weak overlap 
between the dx^_y2 orbitals on each copper atom which results in the 
formation of a ^  bond. This leads to a diamagnetic ground state. There is 
also a paramagnetic spin-triplet state and the observed magnetic behaviour 
arises from the thermal population of the excited state. In this molecule 
the overlap between the orbitals in question is very weak and in the 
normal sense would not be considered to be a metal-metal bond. A more 
extreme example of direct interaction occurs in the complex (CO^Mn- 
MnfCO)^.^ in this case there is a considerable overlap between the 
manganese d-orbitals which would formally be expected to contain one 
unpaired electron in the monomer.
"Superexchange" is used to describe the mechanism by which the 
transition metal ions interact when they are separated by one, or more, 
ions with closed shells, such as halide ions. "Superexchange" occurs (see 
Fig 1.3) because the metal atom d-orbitals containing one unpaired 
electron overlap with the s and p orbitals of the bridging atom(s). In a 
linear system "superexchange" occurs in two ways; a <r-bonding case and a 
TC -bonding - case.
In the sigma-bonding mechanism (Fig 1.3(a)) the dz^ orbitals on the 
transition metal ions overlap with the pz orbitals on the bridging atoms. 
In the "superexchange" process the electron on M pairs with one electron 
in the pz orbital of the bridging atom which has, for example, spin down. 
This leaves the other electron in the pz orbital with spin up. This in 
accordance with the Pauli exclusion principle will couple with the 
unpaired electron in the dz^ orbital on M', which will have spin down.
The pi-bonding mechanism (Fig 1.3(b)) involves the same process 
with other orbitals involved. Figure 1.4 shows the mechanism for 90° 
"superexchange".
This type of "superexchange" is really only incipient bond
M X M#
(a) CT-bonding mechanism
(b) TT-bonding mechanism 
Fig 1.3* Representation of l80° "Superexchange"
Fig 1.4: Representation of 90° "Superexchange"
formation, which differs from ordinary metal-metal bond formation only by 
the fact that it is much weaker and that the orbitals are not pure metal 
orbitals. In general the contribution to "superexchange" is greater from 
the sigma-bonding mechanism as this has greater overlap. The overlap 
contributions to the total "superexchange" interaction are sometimes 
called kinetic e x c h a n g e ^  as the delocalisation increases their kinetic 
energy. This mechanism always results in antiferromagnetic interactions.
Another contribution to the overall "superexchange" interaction is 
due to the orthogonality of the orbitals in the exchanged-coupled system. 
This mechanism is known as potential exchange of which there are three 
important forms.
(1) The orthogonal orbitals reside on adjacent atoms. Here the 
exchange is always a positive quantity.
(2) The orthogonal orbitals each have a component on a common 
intermediate atom. In this case the sign of the potential exchange is 
determined by the intra-atomic coupling on the bridging entity.
(3) An orbital originating on one metal atom overlaps with an empty 
orbital on a second metal atom. Intra-atomic exchange within the metal 
atom couples the spins in orthogonal orbitals parallel.
It is considered that the contribution from kinetic exchange is 
much greater than that for potential exchange. Hence, when both kinetic 
and potential exchange occur in the same system, kinetic exchange will 
predominate and the overall effect should be an antiferromagnetically 
coupled system.
The general aim of the work described here is to try and find 
structural reasons why high-spin chromium(II) complexes have varying 
magnetic behaviour.
1.3 Handling Air-Sensitive Compounds
The all glass apparatus used for the preparation of compounds is 
shown in Figure 1.5 and was first described by Larkworthy1. Modifications
to the original designs have been reported by other workers^'7'11. 
However, it would seem useful to give a brief description of the way the 
apparatus is used.
The "line" is evacuated through the arm E and nitrogen is let into 
the system at B. The pressure within the system is monitored via a 
manometer. Vessels used in the preparation of compounds were attached to 
the nitrogen line at C and were generally subjected to three or four 
cycles of evacuation and refilling with nitrogen to ensure that no oxygen 
was left in the system. This method was also used for the deoxygenation of 
solvents. Solvents which were to be used for washing samples and hence 
could not be introduced directly into the preparation vessels were 
deoxygenated in the bubbler G. This bubbler was also used as a solvent 
trap during both the crystallisation of samples and when the final 
products were dried (using continuous pumping) and supplemented the other 
solvent traps situated between the arm E and the vacuum pump.
"White-spot" nitrogen was used during all preparative work. For 
most of the preparations carried out, any traces of oxygen in the nitrogen 
were removed by passing the nitrogen through a B.T.S. deoxygenation 
catalyst, type R3/11, supplied by the B.A.S.F. Co. Ltd. During the later 
stages of this work this was replaced by a deoxygenation column 
containing chromium(II) on Kieselgel 60 (Merck Ltd). If desired, the 
nitrogen could be further dried by passage through a column of anhydrous 
magnesium perchlorate before allowing it to enter the main apparatus at B.
Also available was a "dry" box, manufactured by Faircrest 
Engineering Ltd, Croydon. Its major advantage is to allow manipulation of 
air-sensitive materials more readily. This has obviated the need to use
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the more cumbersome apparatus, such as "pigs" used by previous workers.**-” 
14 This means that most of the apparatus used by these workers can be 
streamlined and instead of collecting and storing final products in sealed 
glass tubes capped ones may be used.
Previously prepared chromium(II) salts which were to be used as 
starting materials for a preparation could then be introduced into the 
reaction vessel against a stream of nitrogen.
Perhaps the greatest advantage of the substitution of capped tubes 
for sealed ones is in the mounting of air-sensitive crystals into 
Lindemann capillaries. The apparatus used to mount air-sensitive single 
crystals was first described by Roberts-^. Modifications to this have been 
the addition of a 1" solid glass block to facilitate the picking up of the 
crystals and the introduction of crystals from a capped tube against a 
stream of nitrogen (see Fig 1.6).
Introducing the crystals via a capped tube meant that there was 
less likleyhood of damaging the apparatus or the crystals. This method 
also eliminated the possibility of getting pieces of glass mixed up with 
the crystals.
The method for mounting the single crystals is as follows?- firstly 
a Lindemann capillary is cut (using a flame) to a reasonable length (2- 
3"). This is then fixed into position in the holder which is attached to 
the apparatus. Having replaced the air by nitrogen the sample is 
introduced against a stream of nitrogen gas. The crystals are then picked 
up using the wire thinly coated with grease and placed in the capillary. A 
small piece of paraffin wax is then placed, with a glass fibre, near the 
crystal to ensure that the crystal cannot move. Finally, the cone of the 
capillary is filled with deoxygenated nujol with a syringe and removed 
from the apparatus against a stream of nitrogen. Ofte capillary is then cut 
with a flame and sealed and is ready for mounting on the goniometer head. 
The piece of wax around the crystal may be melted to further ensure that
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there is no movement of the crystal in the capillary.
Ihe above describes the general method for mounting air-sensitive 
single-crystals. If the crystals are needle shaped then it is sometimes 
possible to wedge the crystal into the capillary which means that wax is 
not needed. Also care has to be taken when melting the wax onto thin 
platey crystals as this may distort their shape.
Other methods of handling air-sensitive crystals are such 
procedures as pouring the crystals into a pool of Araldite or coating 
with collodion in a volatile solvent. These methods would result in a 
crystal which is protected from aerial oxidation by a coating of the 
relevant substance. These methods were considered as alternatives to the 
method that was used in this work, especially for the fragile, platey 
tetrahalochromates(II). It was, however, thought that the crystals 
examined here would be too air-sensitive for the use of these methods.
1.4 X-Ray Crystallography
As experimental details for each structure determination are given 
elsewhere, this section will give an overall view of experimental details 
such as the method of data collection, general corrections applied to the 
data, weighting schemes applied and programmes used in the structure 
determination process
1.4.1 Data Collection and Processing
All data collection^® for the single-crystal examinations carried 
out in this work were carried out on an Enraf-Nonius CAD4 4-circle 
diffractometer using graphite monochromated MOj^ radiation (X= 0.71069A)
The geometry of the CAD4 differs from that of the "classical'' 4- 
circle diffractometers in that, while it does not physically have a X  
circle, the equivalent of theX circle is generated with the aid of a 
kappa goniometer (see Fig 1.7). the angle subtended with t h e . a n d
-Fig 1.7: The CADA A-circle Diffractometer
20 circles is nominally 52°.
Unit cell determination (in all cases except [HPyJCrC^) was 
carried out using the1 SEARCH option on the CAD4 system. This allows for a 
random orientation of crystals on the goniometer head. The SEARCH 
procedure consists of setting up values of 0/rX > $ (usually 14°f 120° and 
35°) around which the circles may be moved as the CAD4 searches for 
reflections to be used in the indexing procedure. Once a reflection has 
been found it is then centered using a system of two slits at +45° and - 
45° to the horizontal which accurately measures the centre of gravity of 
the peak. Up to a maximum of 25 reflections may be measured for use in 
unit cell determination. Once these reflections have been measured the 
INDEX procedure is then used to calculate the unit cell parameters. This 
is done by finding the three shortest non-coplanar vectors. These are 
assigned indices of 100, 010 and 001 and are used as a basis set to 
calculate the unit cell dimensions, index the remaining reflections and to 
calculate an orientation matrix.
In order to refine the unit cell the 25 reflections are then re- 
centered using the SETANG option in conjunction with the LS (least- 
squares) option. The refinement procedure was normally repeated several 
times.
Using the initial cell a set of high angle^\t(sin^/A)ITiax = 0.40- 
0.55) was then collected. 25 reasonably strong reflections were selected 
and entered into the SETANG procedure. The unit cell parameters and 
orientation matrix derived from these reflections was then used for the 
full data collection. It was generally found that better standard 
deviations in the unit cell parameters were attainable using this high- 
angle data.
For the full data collection all possible symmetry unique 
reflections up to (sirrtVX)niax = were collected, although in a few
cases symmetry equivalent reflections were collected for later use in an
intensity averaging procedure. During data collection 4 reflections were 
monitored as a check on crystal orientation. These were usually measured
every 200 reflections and if any one of these four reflections had an
observed position more than a preset value from its calculated position
then a total re-orientation of the crystal was performed.
The intensity of a chosen reflection was measured every 30 minutes 
of X-ray time as a check for crystal decay. If the measured intensity of 
this reflection fell to less than 75% of its originally measured value, 
data collection was halted.
Reflection data was collected in ZIGZAG mode at the bisecting 
position gl = 0°, using an<J/20 scan where the scan angle for theu)'-axis 
was calculated as follows:-
cJ scan angle = DanA x DcmB.tan0 
DomA and DomB are wavelength dependent coefficients and acceptable values 
for K<\a radiation are 0.75 and 0.35 respectively.
Ihe intensity measurement began with a pre-scan (usually at a speed 
of 4°/min - 2.8°/min)f If<r(I)/I was greater than 0.2 for the prescan 
intensity the reflection was flagged as weak. If this value was less than 
or equal to the stipulated value for the final scan then no final scan was 
carried out. Ihe maximum scan time was normally limited to 300 seconds.
Once the data reflection had been collected it was either reduced 
using the program CADRED^ and transferred to a PRIME 750 computer for use 
on such crystallographic programs as SHELX76^2f CRYSTALS^ or SFPROG^ or 
was stored on disc ready for processing on the PDP11/23 computer with the 
SDP^S system of programs.
During data reduction all data was corrected for Lorentz and 
polarisation effects and, if reflections with a high enough X  angle QC } 
80°) were available, an absorption correction was applied using the 
method developed by North-^. Absorption corrections could only be applied
this way as no telescope was available to measure the crystal dimensions.
1.4.2 Weighting Schemes
Once the data has been processed and the structure has been 
determined a last problem in the refinement procedure is to assign a 
weighting function to the data. These weighting functions are designed to 
minimizej[random errors in the data. In the method of least-squares the 
proper weight to be assigned to each variable is W = 1/$\2 (F0). However, 
this has been found not to be always reliable if systematic errors have 
not been totally eliminated. Other weighting schemes have been developed 
and those on the SDP system include weighting schemes such as that put 
forward by C r u i c k s h a n k 2 ^  as a well as modified unit weights (where W =
1.0 for F0 < FT , W = (Ft/F)2 for FQ > F). To decide which weighting 
scheme to use the data should be divided into shells of approximately 
equal numbers of FQ and these should be examined to see which function 
produces a. tonsbaA: distribution of wA2 against < FQ > within
reasonable limits.
Chapter Two: MAGNETICALLY DILUTE TETRAHALOCHROMATES(II)
2.1 Introduction
Magnetically dilute tetrahalochromate(II) complexes are generally of 
the form M2CrX4 (OH2)2 or ^2CrX4(MeC00H)2' (K=Cation, X=C1“ or Br~). 
Although other transition metal complexes of this type have been fairly 
extensively investigated22, until recently (as with most chromium(II) 
complexes) little was known about complexes of the type mentioned above.
The first chromium(II) complexes of the type of interest here were 
prepared by Larkworthy, Trigg and Y a v a r i 22 ' ^ 0, 41e They isolated the 
complexes I^CrCl^Of^^ (K = Eb+/Cs+fNH4+,HPy+), and have shown that the 
magnetic moments for these complexes are very close to the spin-only value 
(4.9G  B.M.) at room temperature and do not vary with temperature. 
Larkworthy and Yavari also p re p a re d ^ 2 '^ 2 diaquatetrabromochromates of the 
type M2CrBr4 (OH2)2 = Rb+' Cs+,mh4+, HPy+) which like their chlorine 
analogues were found to have temperature independent magnetic moments 
close to the spin only value. The magnetic data given for these complexes 
(both chloro and bromo) indicate that they are all magnetically dilute 
high-spin chromium(II) complexes. Larkworthy and Babar^2 also prepared the 
complexes [I^pipz]2CrCl4 (OH2)2 an<^  [H2PiPzi2CrC^6^ 2^2 which were also 
found to be magnetically dilute, as was guanidinium 
tetrabromochromate(II) aiacetic acid. Babar22 also reported 
[PhMl3]2CrCl4 (0H2)2 •
It has been shown that complexes of the type M2CuX4 (OH2)2 are 
tetragonal, containing trans- \Cu% 4 (OBn) 2 ani°ns separated by 
cations^'^6,49^ Hendrickson and Dickinson^ have reported that ammonium 
diaquatetrabromocuprate(II) is isomorphous with its chloro counterpart. In 
these two compounds the copper atom is surrounded by a distorted 
octahedron of four halide ions and two water molecules. 
Diaquatetrabromocuprates(II) and their chloro equivalents are usually 
isomorphous.
All the structural information available for diaquatetrahalo-
chromates(II) has come, not from single-crystal analyses, but from 
comparison of X-ray powder diffraction patterns with those from co­
rresponding transition metal complexes (mostly copper(II)). The complexes
Cs2CrCl4(OH2)2, [ffl4]2CrCl4(OH2)2 and Rb2CrCl4(OH2)2 have been shown to be 
isomorphous with the analogous copper (I I) complexes. Hence they can be 
assigned structures which consist of distorted trans octahedral
[CrCl4(OH2)2]2~ anions.
The complexes investigated here represent the first structure 
determinations of any tetrabromochromates(II). The compounds studied were 
guanidinium tetrabromochromate(II) diacetic acid, bis(dimethylammonium)- 
tetrabromochrornate(II) diacetic acid and bis(pyridinium) 
diaquatetrabromochromate(II). While the first two complexes were thought 
to contain the same type of trans anions found in the previously discussed 
complexes the pyridinium compound was not expected to contain these.
2.2 Experimental
2.2.1: Guanidinium Tetrabromochromate(II) Diacetic Acid
This complex, prepared b y  B a b a r ^ 2 , was mounted into Lindemann 
glass capillaries (see Chapter 1). The unit cell was determined and
v
refined using a set of 25 reflections with (sinO/aj^x = 0.45. The space 
group P23/n was deduced from preliminary Weissenberg X-ray photographs. In 
all, 2397 data reflections were measured of which 2221 were considered to 
be observed. As no method was yet available, the data were not corrected 
for absorption effects although both Lorentz and polarisation corrections 
were applied.
The structure was solved using the heavy atom method. A three- 
dimensional Patterson synthesis indicated the position of the chromium 
atoms in the unit cell, and a Fourier synthesis using the phases derived 
from this position revealed the positions of all the non-hydrogen atoms in
the structure. All atoms were assigned anisotropic temperature factors and 
this, coupled with three cycles of least-squares refinement reduced R to 
0.068. At this stage the scattering factors for Br were replaced by those 
for Br" and this redqced R to 0.065.
Reasonable positions for the hydrogen atoms in the structure were 
derived from a three-dimensional difference Fourier synthesis. However, 
when these were entered into the refinement procedure it was found that 
they were drawn so far in towards their parent atoms that the resulting 
distances (ca. 0.5 - 0.7A) were far too short. As a result of this the 
original positions found from the difference map were entered only into 
the structure factor calculation and not into the refinement procedure. 
The hydrogen atoms were assigned a common isotropic temperature factor 
(0.05A2). A weighting scheme (W = l.l<y2 (FQ) + 0.1(Fo2)) was applied and R 
was reduced to 0.061. Crystal data for [C(NH2)3]2CrBr4.2MeCOOH are given 
in Table 2.1.
2.2.2: Bis(dimethylammonium) Tetrabromochromate(II) Diacetic Acid
Yellowish-green crystals of this complex were synthesised by 
Larkworthy and Babar^2. Once again unit cell determination and refinement 
were carried out using a set of 25 reflections and the unit cell was found 
to be triclinic. 2239 data reflections were collected of which 2054 were 
unique and 1169 were considered to be observed. From an examination of E- 
statistics and an N(z) cumulative probability distribution22 the space 
group was chosen to be PI.
This structure was solved using the heavy atom method. By assuming 
that the chromium atom would be situated on the centre of symmetry at 
0,0,0, it was possible to find a self-consistent set of vectors which 
allowed the elucidation of the two unique bromine atom positions in the 
unit cell as well as the position of the chromium atom.
The Patterson function leads to a Patterson map on which all the
peaks are due to interatomic vectors. Hence if one knows the space group 
of the unit cell in question one can then calculate the position of an 
atom in the unit cell. The origin peak on the Patterson map is the result 
of the vectors between all atoms and themselves and has a height which is 
proportional to2 z2 where the summation is over all atoms in the unit cell 
and z is the atomic number. The height of a non-origin Patterson peak is 
proportional to the product of the atomic numbers of the atoms between 
which the vector is made. If the two atoms are of the same type the peak 
height will be proportional to z2. This means that peaks due to vectors 
between heavy atoms will be much larger (and so more easy to find) than 
those peaks due to vectors between light atoms, hence the name of the 
Heavy Atom Method is given to this procedure for solving the phase 
problem.
For [NMe2H2]2CrBr4.2MeCOQH there is one molecule per unit cell and 
the space group is PI. From the general positions for PI the vectors 
(u,v,w) between symmetry related atoms will be of the form 2x,2y,2z and - 
2x,-2y,-2z. The positions of the heavy atoms in the unit cell were found 
as follows:-
Ez2 = 6050 and was scaled such that the origin peak was of a height 
of 999. Hence one would expect a Br-Br vector to appear on the Patterson 
map with a height
999/6050 x (35)2 = 202.3 
Examination of the map showed there was a peak (height 209) at 
u,v,w = 0.329,1.281,0.443 (see Fig 2.1). As this vector is of the form 
2x,2y,2z the one would expect a bromine atom to be positioned in the unit 
cell at x,y,z = 0.1645,0.6405,0.2215. If one assumes that the chromium 
atom is situated at 0,0,0 one would then expect there to be a Cr-Br vector 
on the map at u,v,w = 0.1645,0.6405,0.2215 with a height
999/6050 x (35 x 22) = 127.1 
Although there is no peak of this height at this position on the
2.1: P(uvw) for [NMe^H^]^CrBr^.2MeC00H at u
(major peaks only)
' < i 
©
0.329
Fig 2.2: P(uvw) for [NMegH^]gCrBr^. 2MeC00H at u = 0.164 '•
(major peaks only)
Fig 2.
ii
O
3: P (irvw) for [NMegHgjgCrBr^. 2MeC00H at u = 0.392 
(major peaks only)

Patterson map, there is a peak (see Fig 2.2) of height 283 at the correct
position. Hence one can say that the presence of these two self-consistent 
vectors indicate that the positions of thse atoms in the unit cell are
x ' y 2
Cr 0.0000 0.0000 0.0000
Brl 0.1645 0.6405 0.2215
The larger height of the Cr-Br vector may be due to the lining up of 
two rcLajiccI vectors.
The position of the second symmetry unique bromine atom in the unit 
cell was found from the following two self-consistent vectors (see Figs
2.3 and 2.4).
u v w height
Br2-Br2 1.3921 0.0810 0.2983 193
Cr-Br2 0.695 0.040 0.150 269
This results in the following positions for the heavy atoms in the 
unit cell.
x y z
Cr 0.0000 0.0000 0.0000
Brl 0.1640 0.6405 0.2215
Br2 0.6950 0.0400 0.1500
Using these positions as a basis for the determination of the rest of 
the structure, a three-dimensional Fourier synthesis revealed the 
positions of all the non-hydrogen atoms in the structure. With all 
temperature factors turned anisotropic R was reduced to 0.077. However, it 
was noticed that U33 for 01 was non-positive definite. It was originally 
thought that this might have been due to a slight misplacing of this atom 
but a three-dimensional difference Fourier synthesis using structure 
factors calculated without 01 did not indicate a significantly different 
position. As the reflection data did not contain that many "deviant"
reflections it was thought that the data set was reasonably good and this 
non-positive definite effect was due to the non-correction of the data 
for absorption.
As it was not possible to correct for absorption, 033(01) was fixed 
at the current value of 033(02). This, coupled with three cycles of least- 
squares refinement reduced R to 0.078. The positions of the hydrogen atoms 
were calculated geometrically and were included in the refinement with 
fixed bond lengths (1.08A) and isotropic temperature factors. R was 
reduced to 0.076.
A weighting scheme (W = 3.035/^(FQ) + 0.2(FQ )^) was applied and R 
was reduced to 0.05. Crystal data for [NMe2H2]2CrEr4.2MeCOOH can be found 
in Table 2.2
2.2.3 Bis(pyridinium) Diaquatetrabromochromate(II)
Pale-green, needle-shaped crystals of this complex were supplied 
by Larkworthy and Tandon. The unit cell was determined and refined as 
before ((sir.0/X)max = 0.45 for the set of 25 reflections). 1267 unique 
reflections were collected of which 1168 were considered to be observed. 
E-statistics indicated the space group of this complex was centric and, as 
the crystals are of the triclinic system, the space group S  was assigned. 
Methods were now available for the processing of psi scan data so an 
absorption correction was applied to the data as well as corrections for 
Lorentz and polarisation effects.
Examination of a Patterson synthesis revealed the positions of the 
chromium atom and both symmetry unique bromine atoms. Osing these as a 
basis for the solution of the structure, further FQ Fourier maps revealed 
the positions of all the non-hydrogen atoms. Assigning anisotropic 
temperature factors and performing three cycles of least-squares 
refinement reduced R to 0.073. Hydrogen atom positions were then 
calculated geometrically and when a Hughes weighting scheme^ was applied
(turndown point = 169.0) H was further reduced to 0.065. Crystal data for 
this complex can be found in Table 2.7.
2.3 Results and Discussion
2.3.1: Guanidinium Tetrabromochromate(II) Diacetic Acid
Examination of the diffuse reflectance and infra-red spectra, 
coupled with the fact that the complex is magnetically normal leads one to 
expect the structure of this complex to contain discrete 
[CrBr^MeCOOH^l units separated by guanidinium cations (i.e the same 
type of structure as exhibited by [NH4]2^ X 4 (1120) 2^ T^e anions in 
complexes such as this have trans structures with Cu-0 bond lengths of 
approximately 2.6A and "short11 and "long" Cu-Cl bond lengths of about 2.3A 
and 3.0A respectively.
Figure 2.5 shows that the structure of guaniainiumtetrabromochro- 
mate(II) diacetic acid does,in fact, contain the discrete anions predicted 
by the previously mentioned spectral data. The anions are centrosyrametric 
and the trans pairs of Cr-Br bonds in the [CrBr4(MeCOOH)2]^~ units
have distinctly different bond lengths. Cr-Brl is 2.839 (2)A and Cr-Br2 is 
2.637(1) A. The Cr-01 distances are equal. This means that the structure of 
this complex strikingly resembles the previously reported complexes of the 
type F^CuX^Of^^ (see above). The fairly large distortion from regular 
octahedral co-ordination is to be expected from the operation of the Jahn- 
Teller effect, which probably accounts for the four "short" and two "long" 
bond lengths found in this structure. Figure 2.6 shows the numbering 
scheme for the [CrBr^MeCOOH^]^"" anions in this structure.
It is thought that acetic acid rather than acetate is co-ordinated to 
the chromium atom from an examination of the Cr-01 distance. This and the 
angles in the co-ordinated molecule are similar to those in the co­
ordinated acetic acid found in [Cr2 (02CMe)4(H02CMe)2J ^ •
The guanidinium cations in the structure have trigonal symmetry and
Fig 2.5(a): Packing Diagram for [CCNH^)gCrBr^(MeCOOH)2
which shows the discrete nature of the 
CrBr^(MeCOOH) uni ts
'I
o _
Fig 2.6: Numbering Scheme for the QCrBr^(MeCOOH) ] an%6ns
in both [C(NH2 )3]2CrBr^(MeCOOH)2 and 
[NMe2H2]2CrBr4 (MeCOOH)2
\
Primed Atoms are Related by a Centre of Symmetry
Nt
N3------- C3 (a)
N2
C12
C11
(b)
Fig 2.7: Numbering schemes foi* the Cations in
(a) [C(NH^) ]2CrBr/l(MeC00H)2 and
(b) [NMe2H2]2CrBr4 (MeC00H)2
separate the anions. C-N bond lengths of 1.32(2)A, 1.33(1)A and 1.32(2)A 
for NlfN2 and N3 respectively seem to suggest that the C-N bond order is 
1.33 for each bond in the cation
Final atonic parameters for [CfNEys]2CrBr4«2MeOOOH can be found in 
Table 2.2. The numbering scheme for the cation is shown in Fig 2.7(a).
2.3.2:Bis(dimethylammonium) Tetrabromochromate(II) Diacetic Acid
Magnetic and spectral data suggested that this complex would have 
a similar structure to that of the previously discussed guanidinium salt. 
Figure 2.8 shows this to be the case. The structure of 
[NKe9H2] 2CrBr4o2 MeCOOH contains discrete trans [CrBr^MeOOOH^l units 
separated by dimethylammonium cations. The Cr-Br bond lengths are slightly 
longer than in the guanidinium s~alt at 2.958(1)A and 2.565(1)A 
respectively. The Cr-01 distance is the same (2.07(1)A). Once again the 
bond lengths and angles in the co-ordinated group indicate that it is 
acetic acid and not acetate. See Figure 2.6 for the numbering scheme for 
the anion.
All bond lengths in the dimethylammonium cations (Fig 2.7(b)) shows a 
numbering scheme) are well within the expected range. Brl-H6 and Br2-H5 
distances of 2.56A and 2.41A respectively suggest the presence of fairly 
strong hydrogen bonds.
2.3.3 Bis(pyridinium) Diaquatetrabromochromate(II)
Perhaps the most interesting of the three magnetically dilute 
tetrahalochromates(II) examined here is [HPy]2CrBr4 (OH2)2« This is 
because, while the magnetic data suggest that this complex is magnetically 
normal, it was not thought to have the same type of structure as other
complexes of the type M2CrX4 (OH2)2 an^ M2CuX4(OH2)2 NH4+r
etc* X = Cl”, Br”). This is confirmed by the single-crystal X-ray study.
The structure (Figs 2.9 and 2.10) does not contain discrete
Fig 2.8: Packing Diagram for [NMe,,H^]^CrBr^(MeCOOH)^
\.9: Packing Diagram for [CrBr^COH^^]
Fig 2.10: Numbering Scheme for [CrBr^COH^g]. 2(HPy)Br
[CrEr^(OH2)2l units. Instead the structure consists of square-planar 
diaquadibromochromium(II) units and, as the Cr-Br2 distance is so long, 
ionic bromide. If we compare the Cr-Br2 distance with those found in the 
other two complexes .examined in this section, there is no evidence to 
suggest that Br2 is bonded to the chromium atom. Hence it is probably 
better to formulate this complex as [CrBr2 (OH2)2] »2(HPy)Br. The Cr-Brl and 
Cr-01 distances (2.579(1)A and 2.038(2)A) are comparable with the metal- 
ligand distances found in the other two complexes discussed here. A Br2-Hl 
distance of 2.34A is indicative of strong hydrogen bonding between the 
nitrogen atom of the pyridinium cation and Br2.
It would seem therefore that, in comparison with the structure of 
other complexes of this type , both the greater size of the pyridinium 
cation coupled with the packing requirements for its more non-spherical 
nature have led to the unexpected structure found for 
[CrBr2 (OH2] .2(HPy)Br.
Final atonic parameters are shown in Table 2.8, while bond lengths 
and angles are given in Table 2.9.
Table 2.1
Crystal Data For Guanidinium tetrabromochr ornate(II)—
Diacetic Acid
Molecular Formula 
M£
Crystal System 
Space Group 
a 
12
S.
z
^calc
F(000)
U(Mok*)
[C4H804Br4Cr][C2H12N6] 
611.89 
Monoclinic 
P22/n (14) 
8.781(4) A 
9.1253 (9) A 
12.195(2) A 
89.84(2)° 
976(2)A3 
2
1.92 gcm“3 
684
53.4 cm""*
1 v/
Table 2.2(a)
Final Atonic Positions For Guanidiniumtetrabranochrcmate(II)-
Diacetic Acid 
(e.s.d's in parentheses)
AtCP & y Z.
Cr 0.500 0.000 0.000
Brl 0.2663(1) 0.2071(2) 0.0435(3)
Br2 0.5330(1) 0.9553(2) 0.2117(1)
01 0.6639(9) 0.1603(4) 0.0102(7)
02 0.565(1) 0.359(1) 0.934(1)
Cl 0.680(1) 0.288(1) 0.978(1)
C2 0.826(2) 0.372(2) 0.986(1)
C3 0.505(1) 0.424(1) 0.293(1)
ML 0.602(1) 0.325(1) 0.249(1)
N2 0.354(1) 0.410(1) 0.273(1)
N3 0.558(1) 0.533(1) 0.353(1)
HI 0.105 -0.318 -0.024
H2 0.178 -0.463 0.024
H3 0.129 -0.371 0.077
H4 0.380 -0.299 0.138
H5 0.561 0.256 0.203
H6 0.589 0.215 0.296
H7 0.328 0.348 0.215
H8 0.302 0.495 0.313
H9 0.500 0.619 0.392
H10 0.811 0.033 0.118
*±J.
Table 2.2(b)
Final Thermal Parameters For Guanidiniumtetrabrcmochrcmate(II)-
Diacetic Acid 
(e.s.d's in parentheses)
Atom ”ll u22 u33 u23 u13 ”23
Cr 0.025(1) 0.030(2) 0.033(2) 0.0018(1) -0.0012(1) -0.0033(1)
Brl 0.039(1) 0.047(1) 0.052(1) -0.0024(1) 0.0033(1) -0.0013(1)
Br2 0.033(6) 0.053(1) 0.044(2) 0.0019(2) 0 .0022(1) 0.0015(2)
01 0.034(4) 0.034(4) 0.041(4) -0.0077(4) 0.0004(4) 0.0092(4)
02 0.072(8) 0.064(8) 0.237(1) -0.0713(9) -0.0526(9) 0.0157(7)
Cl 0.022(5) 0.053(7) 0.050(7) -0.0096(6) -0.0031(5) -0.0021(5)
C2 0.057(9) 0.055(8) 0.09(1) -0.0155(8) 0.0027(8) 0.0295(7)
C3 0.036(7) 0.058(8) 0.044(7) -0.0081(6) -0.0112(6) -0.005(6)
m 0.037(7) 0.069(8) 0.068(8) -0.0185(7) -0.0028(6) 0.0074(6)
N2 0.024(5) 0.088(8) 0.060(7) -0 .0102(6) -0.0008(5) -0.0119(8)
N3 0.053(7) 0.058(8) 0.078(8) -0.026(7) -0 .011(6) 0 .010(6)
TABLE 2.3
Bond Lengths(A) and Bond Angles(°) for [C(NH2^ 3J2*CrBr42MeCOOH
(e.s.d's in parentheses)
Atom B.oik3 Length BonG Angle
Cr-Brl 2.839(2)
Cr-Br2 2.637(1)
Cr-01 2.06(1)
Brl-Cr-Br2 90.07(3)
Brl-Cr-01 91.4(1)
Br2-Cr-01 91.4(1)
01-C1 1.22(1)
Cl-02 1.28(1)
C1-C2 1.48(2)
01-C1-C2 124.2(1.0)
01-Cl-02 121.7(1.0)
C2-C1-02 113.9(1.2)
C3-N1 1.32(2)
C3-N2 1.33(1)
C3-N3 1.32(2)
N1-C3-N2 120.0 (1.2)
N1-C3-N3 118.3(1.0)
N2-C3-N3 121.6 (1 .1)
C2-H1 0.91
C2-H2 0.85
C2-H3 0.86
02-H4 1.15
Table 2.3(con't) 
N1-H5 
ML-H6 
N2-H7 
N2-H8 
N3-H9 
N3-H10
0.92
1.16
0.93
1.03
1.05
1.20
Table 2.4
Crystal Data for Bis(dimethylammonium)tetrabromochromate(II)—
Diacetic Acid
Molecular Formula
Crystal System 
Space Group 
£ 
h
c
fi
Z
Scale
F(000)
[ C 4 H g 0 4 B r 4 C r ]  [ N 2 C 4 H 2 5 ]  
584.23 
Triclinic 
PI (2) 
7.234(5) A 
8.719(6) A 
8.910(5) A 
70.35(2)° 
89.82(4)° 
71.98(3)° 
500.2(9)A3 
1
1.52 gem”3 
280
54.6 cm”"®-
*tp
Table 2.5(a)
Final Atomic Positions For Bis(dimethylammonium)tetrabromochromate(II)-
Diacetic Acid 
(e.s.d's in parentheses)
Atom 2 y 2
Cr 0.000 0.000 0.000
Brl 0.1661(2) 0.6384(2) 0.2207(2)
Br2 0.6939(2) 0.0417(2) 0.1480(2)
01 0.872(1) -0.085(1) -0.149(1)
02 0.805(2) 0.113(1) -0.391(1)
Cl 0.823(2) -0.043(2) -0.369(2)
C2 0.767(3) -0.151(2) -0.369(2)
Nl 0.362(2) 0.339(1) 0.821(1)
cn 0.320(2) 0.412(3) 0.652(2)
C12 0.282(3) 0.459(3) 0.652(2)
HI 0.794 -0.241 -0.471
H2 0.785 -0.276 -0.280
H3 0.861 -0.166 -0.461
H4 0.617 -0.090 -0.421
H5 0.305 0.233 0.858
H6 0.520 0.290 0.847
H7 0.384 0.321 0.594
H8 0.377 0.518 0.612
H9 0.163 0.461 0.622
H10 0.324 0.385 0.034
Hll 0.124 0.508 0.884
Hi 2 0.339 0.565 0.874
Table 2.5(b)
Final Thermal Parameters For Bis (dimethylammonium) tetrabrcmochrcmate (II) —
Diacetic Acid 
(e.s.d's in paraentheses)
Atcm ”ll ”22 u33 ”23 ”l3 ”12
Cr 0.032(2) 0.040(2) 0.023(2) -0.015(1) -0.001(1) -0.019(1)
Brl 0.049(1) 0.0295(7) 0.0453(9) -0 .0121(6) 0.0026(7) -0.0186(7)
Br2 0.0369(8) 0.0470(9) 0.0405(8) -0.0121(7) 0.0064(6) -0.0149(7)
01 0.036(5) 0.042(5) 0.0497* -0.025(4) 0.006(4) 0.002(4)
02 0.13(1) 0.032(6) 0.041(6) -0.004(4) -0.017(7) -0.026(7)
Cl 0.041(7) 0.037(7) 0.043(8) -0.024(7) 0.009(8) -0.034(9)
C2 0.08(1) 0.046(9) 0.041(8) -0.024(7) 0.009(8) -0.034(9)
N1 0.059(9) 0.032(6) 0.047(7) -0.018(6) 0.004(7) -0.006(6)
a i 0.043(9) 0.09(1) 0.05(1) 0.006(9) 0.009(8) -0.026(9)
C12 0.06(1) 0.07(1) 0.07(1) -0.05(1) 0.01(1) -0.27(9)
* This parameter was fixed in the refinement procedure
TABLE 2.6
Bond Lengfi|ts(A) and Bond Angles(°) for [NMe2H2]2«CrBr4.2MeCOOH
u '
(e.s.d's in parentheses)
Atom Bond Length Bond Angle
Cr-Brl 2.958(1)
Cr-Br2 2.565(1)
Cr-Ol 2.069(9)
Brl-Cr-Br2 90.6(1)
Brl-Cr-01 88.7(1)
Br2-Cr-01 90.6(3)
01-C1 1.21(2)
Cl-02 1.32(2)
C1-C2 1.48(2)
01-C1-C2 125.7(1.4)
01-Cl-02 120.8(1.2)
C2-C1-02 113.4(1.2)
Nl-Cll 1.41(2)
N1-C3.2 1.48(2)
C11-N1-C12 115.3(1.3)
Table 2.7
Crystal Data For Bis(pyridinium)diaquatetrabranochranate(II)
Molecular Formula [CrBr2 (Of^^l ^ Br2N2c10H12l
M£ 568.19
Crystal System Triclinic
Space Group PI (2)
A 8.560(2)A
b 12.745(2) A
c 4.239 (5) A
IX 91.46(1)°
P 90.81(1)°
1 74.15(2)°
SZc 447.7 (4) A3
Z 1
ficaic 2.12 gan"3
F(000) 270
U(Mok )^ 95.29 cm-1
*9
Table 2.8(a)
Final Atomic Positions For CrBr2 (OH2)2 «2 (HPy)Br 
(e.s.d's in parentheses)
Atom X X Z.
Cr 0.500 0.000 0.000
Brl 0.2870(1) -0.00523(9) 0.4193(3)
Br2 0.3822(2) 0.35871(9) 0.5200(3)
01 0.578(1) -0.1661(6) -0.007(2)
m 0.729(1) 0.330(1) 0.117(3)
C2 0.953(2) 0.192(1) -0.008(6)
C3 0.809(2) 0.226(1) 0.123(4)
C4 0.788(2) 0.404(1) -0.025(4)
C5 0.926(2) 0.372(1) -0.152(4)
C6 0 .011(2) -0.271(2) -0.160(5)
HI 0.617 0.357 0.240
H2 0.023 0.108 0.003
H3 0.756 0.168 0.235
H4 0.717 0.487 -0.053
H5 0.977 0.432 -0.252
H6 0.125 0.247 -0.282
?\J
Table 2.8(b)
Final Thermal Parameters For CrBr2 (OH2) 2 • 2(HPyBr)
(e.s.d's in parentheses)
Atom °11 «22 U33 «12 u13 u23
Cr 0.045(1) 0.028(1) 0.020(1) -0.0068(9) 0.008(1) 0.003(1)
Brl 0.0434(5) 0.0560(6) 0.0261(6) -0.0136(4) 0.0056(5) 0.0057(5)
Br2 0.0901(8) 0.0397(6) 0.0310(6) -0.0090(6) 0.0135(6) 0.0045(5)
m. 0.042(5) 0.16(1) 0.042(6) -0 .021(6) 0.002(5) -0 .012(8)
C2 0 .11(1) 0.061(9) 0.16(2) 0.033(8) -0.08(1) -0.03(1)
C3 0.144(9) 0.113(7) 0.081(9) -0.095(5) -0.068(8) 0.074(7)
C4 0.13(1) 0.043(7) 0.06(1) 0.002(8) -0.02(1) -0.001(8)
C5 0.138(9) 0.17(1) 0.052(9) -0 .111(6) 0.005(8) 0.012(9)
C6 0.048(7) 0.17(2) 0.11(1) -0.015(9) -0.013(9) -0.06(1)
01 0.072(7) 0.038(4) 0.029(4) -0.008(3) 0.006(4) 0.004(3)
TABLE 2.9
Bond Lengths(A) and Bond Angles(°) for CrBr2 (OH2)2 ,2(HPy)Br
(e.s.d's in parentheses)
Atom Bond tangth Bond Angls
Cr-Brl 2.579(1)
Cr-Ol 2.038(2)
Brl-Cr-Ol 90.05(6)
N1-C3 1.321(8)
N1-C4 1.337(7)
C3-N1-C4 122.2(4)
C2-C3 1.317(9)
NL-C3-C2 119.8(5)
C2-C6 1.409(9)
C3-C2-C6 116.8(5)
C4-C5 1.265(8)
N1-C4-C5 118.6(5)
C5-C6 1.295(8)
C4-C5-C6 122.9(2)
Chapter Three: CHROMIUM(ll) COMPLEX THIOCYANATES
3.1: Introduction
Although thiocyanato complexes of the first row transition metals 
have been fairly extensively documented (see reviews by Burmeister52 and
Bailey et al53) until relatively recently very little was known about the
chemistry of chromium(II) complex thiocyanates.
As early as 1906 Sand and Burger5  ^reported the presence of species 
such as (NH4)2Cr(NCS) 4 in solution and a year before this Koppel66 
isolated the highly unstable complex Na3 [Cr(NCS)5] .llf^O which was 
reported56 to have a magnetic moment of 4.77 B.M. at 291K. Yavari8 has 
confirmed the existence of this compound and also isolated its acetone 
adduct.
In 1976 Larkworthy and Tucker-*--*-'^2 isolated three new series of 
stable thiocyanato complexes of chromium(II) and this work was carried on 
by Roberts-*-3. The complexes isolated were of the form [Cat^CrfNCS)^ (Cat 
= PyH, RexH, tetra-alkylammonium), [Cat^CrfNCSj^.EtOH and amine complexes 
of chromium (II) thiocyanate of the form Cr(amine)2(MCS)2 (amine = Py, 2- 
MePy, 3-MePy, tu ). This work consisted mostly of spectroscopic and 
magnetic studies which showed that, apart from a few notable exceptions, 
the complexes [Cat] 2Cr (NCS) 4 exhibited magnetic behaviour typical of 
antiferromagnetism and that the ethanolates were magnetically normal high- 
spin chromium(II) complexes. The amine complexes were antiferromagnetic 
except for those in which the amine was 2 ,2'-bipyridyl or 1 ,10-
phenanthroline. In these two complexes the chromium(II) ions were found to 
be in the low-spin state. Magnetic data for some chromium(II) thiocyanate 
complexes are given in Tables 3.1 and 3.2
Comparison of X-ray powder photographs was of little help in 
structural assignment. The work presented here represents the first 
detailed single-crystal analysis of chromium(II) complex thiocyanates.
Very little is known about the complexes [Cat]2 M(NCS)4 (■ K -
Table 3.1: Magnetic Data For Seme Thiocyanochrcmate(II) Salts
With Organic Cations
Compound
•'7 eff
k . M . Interaction
[PyH]2Cr(NCS)4 3.78 3.36 Antiferrcmagnetic
[Et4N]2Cr(NCS)4 4.38 3.36 11
[Pr4N]2Cr(NCS)4 4.47 3.45 11
[Bu4N]2Cr(NCS)4
(Brown)
4.75 4.73 Normal High-spin
[Bu4N]2Cr(NCS)4
(Blue)
4.29 3.36 Antiferromagnetic
[Me4N]2Cr(NCS)4 3.81 2.98 11
[HexH]2Cr(NCS)4 4.75 4.75 Normal High-spin
[HexH]2Cr(KCS)4.EtCH 4.69 3.92 Anti fer rom agneti c
[Et4N]2Cr(MCS)4.EtOH 4.61 4.64 Normal High-spin
[Pr4N]2Cr(NCS)4.EtOH 4.69 4.66 ■ t
Table 3.2: Magnetic data For Amine Complexes Of Chromium(II) Thiocyanate
Compound R.T.(eff)
(B.M.)
L.N.T. Interaction
Cr(Py2)(NCS)2 .H20 4.40 3.32 Antiferromagnetic
Cr(2-MePy)2 (NCS)2 4.43 3.14 11
Cr(3-MePy)2 (KCS)2 4.39 3.49 11
Cr(4-MePy)2 (NCS)2 4.25 4.05 11
Cr(tu)2 (NCS)2 4.53 4.05 ■ i
Cr(phen)2 (NCS)2 .H20 3.07 3.06 Low-spin
Cr(bipy)2 (NCS)2 2.91 2.85 11
divalent transition metal ion ) although Forster and Goodgame^ have 
examined complexes of the type [Cat]2Ni(NCS)4 and, from spectroscopic 
data, have assigned to these polymeric tetragonal structures of the type 
shown in Figure 3.1. There are, however, several examples of complexes of 
the type ML2X2 and ML4X2 ( L = amine, X = Cl“rBr“,NCS“).
Porai-Koshits and T i s h e n k o ^  have examined the structures of 
Co(Py)2(NCS)2 and Cu(Py)2(I\CS)2. The cobalt complex has a structure which 
consists of thiocyanate bridged units which form chains of octahedra, 
while the copper(II) complex has a polymeric tetragonal bridged structure 
reminiscent of [Cat]2Ni(NCS)4. The structures of Co(Py)4 (NCS)2 and 
Ni(Py) 4 (NCS)2 have been reported by Porai-Koshits and Antsyshkina^' to 
consists of discrete, octahedral trans-K(Pv) 4(NCS) 4 (N = Co,Ni) units.
The structures of dibromobis(pyridine)copper (II) and 
dichlorobis(pyridine)copper(II) have been reported by Kupcik and Durovic 
and also Morosin^ to consist of square-planar Cu(Py)2X2 (X = Cl“,Br”) 
units which are halide-bridged to form quasi one-dimensional chains to 
give a structure similar to that of their thiocyanato analogues (see Fig. 
3.2).
The introduction of methyl substituted pyriaines totally changes 
the structure of the molecules under discussion here. The complexes Cu(2- 
KePy)2Cl2 and Cu(2-MePy)2Br2 are antiferromagnetic with Neel points of 7K 
and 4.5K respectively and have been shown^2f63 -^0 have the structure 
shown in Fig. 3.3. Complexes containing disubstituted methyl-pyriaines, 
which has an even greater steric effect, show further changes in the type 
of structure one can expect. Stalin and Oswald^ have shown that the 
structures of dibromobis (2,3-dimethylpyriaine) copper (II) and 
dichlorobis(2,3-dimethylpyridine)copper(II) contain square-planar units 
and no bridging between the copper(II) ions. Campbell et al^B have shown 
that both dibromobis(2,6-aimethylpyridine)copper(II) and dichlorobis(2,6- 
dimethylpyridine)copper(II) have the same discrete, square-planar

Cir
Cu
H-
oq
UJ
to
. D4 
CD
£V UJ 
H-
0
3
1
a
H*
b
cd
3
to
H-
o
3
3
H
O
S'
3
H*
3
to
c+
3
3
o
d-
3
3
CD
H)
O
§
a
H-
3
<+
3*
<0
O
os
>3
H
CD
X
CD
to
o
3
V
X
to
to
\ \
\ X
\
\
X
o
H
O
3
QJ
3
?(
X
GH.
/
\
/ Cu
X
CH.
X
y Cu
C H 3
>z
\
CH.
\
/\
Fig 3-. 3 s The Dimeric Structure Found for both 
Cu(2-MePy)2Cl2 and Cu(2-MePy)2Br2
structure. Dichlorobis(4-ethylpyridine)copper(II) also has this type of 
structure*^.
The fact that the disubstituted pyridines all have the same 
structure would seem to rule out any kind of magnetic interaction between 
paramagnetic ions in this type of complex. However, Roberts-^ has reported 
that dithiocyanatobis(3,5-dimethylpyr idine)chromium(II) exhibits 
antiferromagnetism. Spectroscopic results indicated that this complex has 
a thiocyanate bridged structure similar to that for [Cat]2Ki(NCS)4 
complexes. It would seem therefore that the greater length of the 
thiocyanate ion and hence the greater distance between the metal atoms 
enables thiocyanate complexes of this type to cope with the steric effect 
more easily than in complexes in which the metal-roetai bridging would 
normally be effected by halogen atoms. The same is possibly true for the 
monosubstituted pyridine complexes.
From an examination of Table 3.1 it can be seen that most of the 
"straight" salts are antiferromagnetic. However, one (and the most 
striking) anomaly is that the brown and blue forms of [Bu^F^CrfNCS)^ have 
different■magnetic properties. An X-ray structure determination was 
carried out for both forms of this complex to find the reasons for this 
difference. Assuming that the complex [Et^N^CrfNCS)^ has a very similar 
structure-*--'-^  to its nickel(II) analogue, a X-ray structure determination 
was carried out on [Et^N]2Cr(NCS)^EtOR to try and find the role the 
ethanol molecule plays in causing the difference in magnetic structure 
between this complex and its corresponding "straight" salt.
It can be readily seen from Table 3.2 that the complexes Crl^NCS^ 
( L = Py, 2-MePy, 3-MePy, 4-MePy, tu) are all antiferromagnetic. It was 
thought that the pyridinium complexes would all have the polymeric or 
dimeric structures of similar copper(II) complexes. However, the colours 
of the pyridinium and the thiourea complexes are very different and it was
thought that the structure of the thiourea complex may be different from 
that of the pyridinium complex. Hence, only one X-ray structure 
determination was carried out in this series - that of Cr(tu)2(KCS)2.
3.2: Experimental
3.2.1: Tetra-n-butylammonium Tetra(thiocyanato)chromate(II) (BROWN)
Reddish-brown, needle-shaped crystals of [Bu^N]2Cr(ECS)^were 
obtained following the method used by Tucker-*--*-. The triclinic unit cell 
was calculated and refined using the SEARCH and SETA13G options on the 
CAD4 system. 4362 data reflections were collected ((sin0/X)max = B.63 of 
which 3G61 were considered to be observed (I/cr(I) > 2.58). An examination 
of the E-statistics and an K(z) cumulative probability distribution 
indicated that the space group was centric and the space group PI was 
assigned. Crystal data for this form of [Bu^N] 2Cr(NCS) 4 can be found in 
Table 3.3.
Positions for the chromium atom and one of the sulphur atoms were 
found from a three-dimensional Patterson synthesis. Using these positions 
as a basis for the solution of the structure, a succession of F0 Fourier 
syntheses revealed the positions of all the remaining non-hydrogen atoms. 
Three cycles of least-squares refinement with isotropic thermal parameters 
reduced R to 0.075. The introduction of a sinG/A cutoff of 0.3 to a 
difference Fourier synthesis then enabled atomic positions consistent with 
those to be expected for hydrogen atoms to be found for all hydrogens 
except the methyl hydrogens H34 to H36 which were calculated geometrically 
and were not included in the refinement. Two cycles of least-squares 
refinement, applying a dampening factor of 0.5 on atomic shifts and 
assigning isotropic thermal parameters to those hydrogen atoms included in 
the refinement, reduced R to 0.049. At this point a weighting scheme was 
introduced where
w = l/<r(F02)
and
£T(F2) = [ d"(I2) + (pF2) ]2/2
using a value of p = 0.065. Three cycles of final least-squares refinement 
reduced R to 0.045 and Rw to 0.068
During data reduction, apart from Lorentz and polarisation 
corrections, both an empirical absorption correction2  ^and a correction 
for any anisotropic decay of the crystal were applied. The intensity of 
the reference reflection decreased by approximately 12%.
3.2.2: Tetra-n-butylammonium Tetra(thiocyanato) chromate(II) (BLUE)
Royal-blue, needle-shaped crystals of this form of [Bu4N]2Cr(NCS)4 
were supplied by S.S.Tandon and were found to be monoclinic. For this 
crystal 5836 data reflections were collected of which 5471 were unique and 
2234 were considered to be observed. The space group was observed to be 
P21/c.
The position of the chromium atom was deduced from a three- 
dimensional Patterson synthesis and, using this as a starting point, a 
succession of FQ and difference Fourier syntheses revealed the positions 
of all the, non-hydrogen atoms in the structure. At this stage R had been 
reduced to 0.088 with all thermal parameters turned anisotropic. However, 
it was noticed that there were some very short bond lengths in the 
structure (C - C sp*' bond lengths of the order of 1.1A). It was thought 
that this shortness of bond length may have been due to some kind of 
positional disorder in the tetrabutylammonium cations, but a search of a 
difference map at this stage gave no indication of this as there were no 
peaks of significance on the map. Another possible explanation which may 
account for these short bond lengths is that the data was not corrected 
for absorption effects. Although the absorption coefficient for this 
crystal is not particularly high it is possible that if the path length of 
the beam, in some cases, lay along the needle axis the absorption
encountered here may have effected the estimation of the intensities in 
this area enough to effect the bond lengths in question.
One other problem with the refinement of this structure is that 
the crystal used is a poor scatterer. A total of 60.8% of the collected 
reflections being classed as unobserved testifies to this. This meant 
that, even at a conservative estimate of only six reflections to 
over determine a variable, with in excess of 400 parameters and only 2232 
observed reflections the structure was underdetermined. In order to try 
and force the structure to be over-determined it was decided to consider 
reflections for which I >1.5o*(I) to be observed. This resulted in 2435 
reflections being classed as observed, which meant that the structure was 
still under-determined.
However, it is likely that at this point (R = 0.088) the co­
ordination around the metal atom is reasonably well defined. Bearing this 
in mind, and from the point of view that the co-ordination around the 
chromium atom is the most important aspect of this structure in terms of 
the magnetic properties of this complex, it was decided to try and refine 
the structure further.
Hydrogen atom positions were calculated from geometric 
considerations and their positions and thermal parameters were fixed 
during two further cycles of least-squares refinement which reduced R to 
0.080. Unit weights were used throughout the refinement procedure. Crystal 
data for this form of [Bu^R^CrtKCS^ can be found in Table 3.4.
3.2.3 Tetra-n-ethylammonium Tetra(thiocyanato) chrornate(II) Ethanolate
Purple, square-bipyramidal crystals of [Et^N^CrfNCS^.EtQH were 
obtained using the method given by Tucker^-. It was found that these 
crystals were not all that air-sensitive and, instead of mounting the 
crystals into capillaries using the apparatus shown in Chapter 1, they 
were mounted into the capillaries in the open air. The capillaries were
then flushed with nitrogen and sealed in the normal fashion. For the 
orthorhombic unit cell 1468 data reflections were collected of which 1374 
were considered to be observed. Crystal data for this complex is shown in 
Table 3.5.
As in previous cases, the positions of the chromium atom and one of 
the sulphur atoms were found by examining a three-dimensional Patterson 
synthesis and these positions were used as a basis for the determination 
of the structure using conventional Fourier techniques. The methylene 
group in the ethanol molecule was found to be disordered about the mirror 
plane on which C8, 01 and Cr lie. Hydrogen atom positions for the ethyl 
group were deduced from the examination of a three- dimensional 
difference Fourier synthesis and were include in the refinement procedure, 
while those for the ethanol group were calculated geometrically and were 
only included in the structure factor calculations. A Hughes3*' weighting 
scheme was applied (turndown point, 69). The final value of R was reduced 
to 0.069 and Rw to 0.057.
3.2.4: Dithiocyanatobis(thiourea) Chromium(II)
Long/ bright-green, needle-shaped, air-stable crystals of this 
compound were prepared following a method previously used-*-2 and were 
found to be triclinic. For this complex 1013 data reflections were 
collected of which 915 were unique and 872 were considered to be observed. 
As well as Lorentz and polarisation corrections the data was also 
corrected for absorption3®. Monitoring of a standard reflection showed no 
significant evidence of crystal decomposition. An examination of the E- 
statistics indicated that the space group was centrosyrametric and the 
space group PI was assigned. Interpretation of a three-dimensional 
Patterson synthesis revealed the position of the chromium atom and also 
one of the sulphur atoms. Conventional Fourier techniques then allowed the 
elucidation of the positions of all the non-hydrogen atoms in the
structure. Five cycles of least-squares refinement with all thermal 
parameters anisotropic reduced R to 0.033. All hydrogen atoms were then 
found from a difference Fourier synthesis. Introducing these into the 
structure factor calculations, but not into the least-squares procedure 
further reduced R to 0.030.
At this stage the following Cruickshank2*^ weighting scheme was 
applied;
w = l/(a + bFQ + cFq2 + dFQ2) 
with a = 28.22, b = 1.0, c = 0.0024, d = 0.00001.
Two cycles of further refinement produced final values of R = 0.026 
and Rw = 0.038. Crystal data is given in Table 3.6
3.3: Results of Structure Determinations and Discussion
3.3.1: The Brown and The Blue Forms of [BU4N] 2Cr (NCS) 4
Figures 3.4 and 3.5 show the structures of the anions in the brown
and blue forms of [Bu4N] 2Cr(NCS)4 ana it can immediately be seen why these 
two forms of the same complex have different magnetic properties. In 
conjunction with Fig 3.6, which shows a simplified packing diagram , one 
can see that the structure of the brown form consists of discrete, 
square-planar, N-bonded [Cr(NCS)4]2” anions separated by tetra-n- 
butylammonium cations. From Figure 3.7 it can be seen that the structure 
of the blue form contains dimeric [Cr2 (NCS)gj2- anions which are 
themselves separated by [BuzlN]+ cations. In the brown form of 
[BU4N] 2Cr(ECS)4 there is no possible mechanism by which two adjacent 
chromium(II) ions can interact and hence this form displays magnetic 
properties typical of those of a magnetically dilute high-spin 
chromium (II) complex.
On the other hand, the dimeric nature of the structural unit of the 
blue form of [Bu4N]2Cr(NCS)4 allows, in the form of thiocyanate bridging, 
two adjacent chromium(II) ions to interact via the mechanism of 
"superexchange" ( see chapter 1). This would allow the complex to become 
magnetically concentrated and account for the antiferromagnetic properties 
of this form of [Bu4N] 2Cr(WCS)4.
Looking at the structures in more detail, the thiocyanate ligands 
in both forms are reasonably linear, as one would expect (a summary of 
bond lengths and angles for the brown and blue forms is given in Tables 
3.7 and 3.8 respectively). The Cr-N bond lengths in the brown form are 
equal within the bounds of experimental error at 2.011 (2)A and 2.005(2)A 
as are the Cr-N bond lengths of 2.007(9), 2.019(8), 2.03(1), and 2.018(7)A 
in the blue form. These bond lengths are well within the expected ranged 
as are all the bond lengths in the thiocyanate ligands in both forms.
Fig 3.k: The Square-planar [Cr(NCS)^]^"" anions found 
in the Brown Form of [Bu^N]^Cr(NCS)^
Primed Atoms are Related by a Centre of Symmetry
D O
Fig 3.5i The Dimeric [Cr^CNCSjg]^” Anions Found in 
the Blue Form of [Bu^Nj^CrCNCS)^
Primed Atoms are Related by a Centre of Symmetry

a/
Fig 3.7• A Packing Diagram for the Blue Form of [Bu^Nj^Cr(NCS)^
r n +Note: LBuj^Nj Cations Have Been Simplified to
It will be noticed that the structure of the blue form is not the 
tetragonal, polymeric structure that Forster and Goodgame8^  have described 
for similar systems. This is probably due to the large size of the [Bu^ N] + 
cation.
It is well known that the thiocyanate ion is an ambidentate ligand 
(i.e. it can bond to a metal centre by either nitrogen or sulphur or, as a 
bridging ligand by both) Also, in terms of Pearson's68 hard/soft base 
theory, the thiocyanate ligand has a hard (N) end and a soft (S) end. This 
means that the hard end will bond to a hard metal and vice versa. In the 
case of the brown form this "rule of thumb" works perfectly - the nitrogen 
end of the ligand bonds to the hard chromium(II) ion leaving the soft 
sulphur end to interact with the soft [Bu^K]+ cation. This hard/hard 
soft/soft interaction is also maintained for three of the thiocyanate 
ligands in the blue form. This type of interaction does not, however, 
explain why the thiocyanate acts as a bridging ligand in the blue form.
It is also well k n o w n 8 ^  that varying the reaction conditions or 
even the solvent of recrystallisation can affect the bonding mode of the 
thiocyanate ligand. In the case of these two complexes Tucker^ reported 
that when chromium(II) sulphate pentahydrate was used as a starting 
material (rather than chromium(II) bromide hexahydrate) the resulting 
product was invariably the blue form. However, during this work when 
CrSC>4.5H20 was used, the blue form only occurred when the solution was 
cooled quickly and even then it turned to the brown form immediately the 
product was allowed to warm up. Thus it would seem that the reaction 
conditions which lead to the formation of the blue form of [Bu^N^CrfNCSJ^ 
do not depend merely on the starting materials used but also on something 
rather more complex (such as ambient temperature and concentration) and 
requires further investigation.
Returning to the subject of the short carbon-carbon bond lengths 
discussed earlier in this chapter, it will be noticed that the thermal
parameters for most of the carbons in the cations in the blue form are
rather high. This is to be expected as the tetra-n-butylammonium cations 
are likely to be very "floppy". These high thermal parameters also raise
the possibility that the short bond lengths in these cations could be due
to vibrational disorder rather than the reasons given previously. Final
atomic parameters for the brown form of [B^N^CrCNCS)^ are given in Table
3.9, while those for the blue form are given in Table 3.10. Fig 3.8 shows
numbering schemes for the [Bu^N]+ cations.
3.3.2: Tetra-n-ethylammonium Tetra(thiocyanato) chromate(II) Ethanolate
C o m p a r i s o n ^ o f  the X-ray powder photographs of [Et^N^CrCNCS)^ 
and [Et^N] 2Cu(RCS)4 have shown that although they are not exactly 
isomorphous their powder patterns contain enough similarities for one to 
consider that these two complexes have very similar structures. Hence it 
is likely that the chromium(II) complex will have a polymeric, tetragonal, 
thiocyanate bridged structure similar to that shown in Fig 3.1. This type 
of structure would allow adjacent chromium(II) ions to interact via 
superexchange and would explain why [Et^N^CrtNCS)^ is antiferromagnetic ( 
see Table 3.1).
The room temperature and liquid nitrogen temperature magnetic 
moments of [Et4N] 2Cr(NCS) 4.EtOK indicate that this compound is a 
magnetically normal high-spin chromium(II) complex. The X-ray structure 
determination carried out here has shown why this should be so. The 
structure of this complex (see Fig 3.9) consists of discrete, slightly 
distorted square-pyramidal [Cr(NCS)4EtOH]^“ anions separated by tetra-n- 
ethylammonium cations. The thiocyanate ligands are N-bonded with bond 
lengths ( Table 3.11 ) very similar to those found for most thiocyanates. 
The co-ordination of the ethanol molecule to the metal ( Cr-01 = 2.31A ) 
prevents any thiocyanate bridging and so adjacent chromium(II) ions can 
not interact. This would seem to explain the magnetic properties of this
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Cations Found in [Et^N]^Cr(NCS) EtOH
complex.
The metal atom is situated on a site of mm symmetry while the 
thiocyanate ligands are situated on mirror planes. In the ethanol molecule
01 and C8 are also sited on positions of mm symmetry and this leads to the
positional disorder of C7r which is indicated on Fig 3.10 by the broken
circles. The nitrogen atom in the [Et4N]+ cations is sited on a two fold
symmetry axis. All bond lengths in the cation are well within the expected
ranges. Final atomic parameters are shown in Table 3.12.
3.3.3: Dithiocyanatobis (thiourea) chr om iurn (11)
As can be seen from Table 3.2 all the high-spin amine complexes of 
chromium(II) thiocyanate exhibit antiferromagnetism. A comparison of X-ray 
powder photographs11'13 has shown that Cr(Py)2(NCS)2 had, more or less the 
same structure as Cu(Py)2 (NCS)2*
Figure 3.11 shows that, as expected, the structure of Cr(tu)2(NCS)2 
does not have this polymeric, tetragonal, thiocyanate bridged structure. 
The structure seems to consist of discrete, planar Cr(tu)2 (NCS)2 units. 
However, the fact that this complex exhibits antiferromagnetism suggests 
that there must be some way in which adjacent chromium(II) ions can 
interact.
The distance between the two sulphur atoms SI and SI* on adjacent 
molecules is 3.17A. This is below the sum of the Van der Waals radii of 
two sulphur atoms^- so there may conceivably be some interaction via the
pathway Cr-Kl-Cl-Sl SI '-Cl ‘-ML '-Cr. As the superexchange would have to
be transmitted through six atoms it is likely that it would be severely 
dampened and any antiferromagnetism resulting from this pathway is small.
In this complex the Cr(tu)2 (NCS)2 units are stacked along the a- 
axis of the unit cell with a Cr-Cr distance of 3.97A. Although this is not 
as short as is found in the dimeric chromium (II) acetate"?®, which is 
almost diamagnetic, it may be possible that there is some direct chr on iurn
Fig .11: A Packing Diagram of Cr(tu)2 (NCS)^ Which Shows
the Stacking of the Cr(tu)2 (NCS)2 Units alorig 
the a-axis
Fig 3.12: A Representation of a Square-planar Cr(ti|)2 (NCS) Unit 
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( u
- c h r o m i u m  interaction in this complex which produces the 
antiferromagnetic property of this compound.
This hypothesis is given some credence by the fact that an 
oscillation X-ray photograph has shown that the growth axis of'the crystal 
coincides with the a-axis of the unit cell and so the greater interaction 
is likely to take place along this axis. This stacking of the molecule 
along the a-axis produces an infinite chain of very weak Cr-Cr "bonds" - 
and bearing in mind that the antiferromagnetic interaction is weak ( Uef£ 
= 4.53 B.M. and 4.05 B.b. at room and liquid nitrogen temperatures 
respectively) this may yet prove to be the correct explanation as to the 
mechanism for the interaction of chromium (I I) ions in Cr(tu)2(K€S)2.
However, to prove this beyond doubt a magnetic study of a single 
crystal using the Faraday^ method would have to be performed.
Figure 3.12 shows a planar Cr(tu)2(NCS)2 molecule. The bond lengths 
in the N-bonded thiocyanate ligands( Table 3.13 ) are well within the 
expected range. In the thiourea ligand an S2-C2 bond length of 1.73A is 
rather longer than expected for a doubly-bonded S-C group while C2-N2 and 
C2-K3 bond lengths in the order of 1.31A are rather shorter than one would 
expect for a single C-N bond. This suggests that all the bond orders in 
the thiourea molecule are 1.33. Final atomic parameters are shown in Table 
3.14.
Table 3.3: Crystal Data For [Bu4N]2Cr(NCS)4 (BROWN)
Molecular Formula
Crystal System 
Space Group 
a
h
c
ex.
p 
a
z
^calc
F(000)
u(Mok°0
tN2c32H72^[CrC4N4S4J
769.24 
Triclinic 
PI (2) 
10.077 (1)A 
11.796(2)A 
11.819(1)A 
108.2(1)° 
107.8(2)° 
104.5(1)° 
1174(3)A3 
1
1.087 gem"’3 
418
4.35 cnT^
Table 3.4: Crystal Data For [Bu4N]2Cr(NCS)4 (BLUE)
Molecular Formula
M“r
Crystal System 
Space Group 
£ 
h 
c
/?
A:alc
F(000)
u(MokeO
[N2C32H72][CrN4C4S4]
769.24 
Monoclinic 
P21/c (14) 
14.099(4)A 
21.399(4)A 
17.290(4)A 
113.5(6)° 
4873(6)A3 
4
1.57 gem”3 
1672
13.72 cm”1
Table 3.5: Crystal Data For [Et4N]2Cr(NCS)4.EtQH
Molecular Formula
M-r
Crystal System 
Space Group 
a 
b 
c
z
^calc
u (MokJ
F(COO)
tN2c16H40] [CrN4C6S40] 
584.83
Orthorhanbic 
Cmcm (63) 
17.096(3)A
11.479(2)A 
16.846(2)A 
3305(1)A3 
4
1.17 gam”3
- 1
12.67 cm 
1232
Table 3.6: Crystal Data For Cr(tu)2(NCS)2
Molecular Formula
Ur
Crystal System 
Space Group 
a 
b 
c
c*.
/
if
Scale
U(Kok^ )
F(000)
CrS2I%C4H8
316
Triclinic 
PI (2) 
3.973 (1)A 
7.538(2)A 
10.248(1)A 
82.57(2)° 
77.52(2)° 
76.91(2)° 
291.8(6) A3 
1
,-31.806 gem' 
16.27 cm-1 
158
Table 3.7
Summary of Bond Lengths(A) and Bond Angles(°) in [Bu4N] 2Cr (NCS) 4 (BRCWN)
(e.s.d's in parentheses)
a) Cr(NCS)42” Anion
Cr-Nl
Cr-N2
ML-Cr-N2
ML '-Cr-N2
ML'-Cr-ML
N2'-Cr-N2
ML-Cl
Cl-Sl
N1-C1-S1
Cr-ML-Cl
N2-C2
C2-S2
N2-C2-S2
Cr-N2-C2
[Bu4N]+ Cation
Atcm
N3-C31
N3-C35
N3-C39
N3-C313
C31-N3-C35
C31-N3-C39
C31-N3-C313
C35-N3-C39
C35-N3-C313
■PQnd Length 
2.011(2) 
2.005(2)
1.154(3)
1.614(2)
1.158(3)
1.619(3)
Bond Length 
1.522(3)
1.522(3)
1.528(3)
1.520(3)
Bond Angle
89.70(8)
90.30(8)
180.00(31)
180.00(19)
178.5(2)
173.3(2)
178.3(2)
175.5(2)
Bond Angle
110.9(2)
105.8(2)
111.9(2)
110.9(2)
106.4(2)
Takle 3.7 (Cont)
Atom
C39-N3-C313
C31-C31
N3-C31-C32 ,
C32-C33
C31-C32-C33
C33-C34
C32-C33-C34
C35-C36
N3-C35-C36
C36-C37
C35-C36-C37
C37-C38
C36-C37-C38
C39-C310
N3-C39-C310
C310-C311
C39-C310-C311
C311-C312
C310-C311-C312
C313-C314
N3-C313-C314
C314-C315
C313-C314-C315
C315-C316
C314-C315--C316
Bond Length 
1.507(3)
1.523(4)
1.523(6)
1.502(3)
1.516(4)
1.491(5)
1.500(3)
1.518(4)
1.503(5)
1.500(4)
1.547(4)
1.458(7)
Bone! Angle. 
110.8(2)
115.7(2)
109.1(2)
111.7(4)
116.9(2)
109.8(2)
113.0(3)
116.8(2)
109.9(2)
113.5(3)
116.5(2)
110.9(3)
113.1(4)
Table 3.8
Summary of Bond Lenghts(A) ana Bond Angles (°) For [Bu4N]2Cr(NCS)4 (BLUE)
(e.s.d's in parentheses)
a) Cr2 (NCS)Anion
Atom Bond Length Bond Angle
Cr-S4 2.714(2)
Cr-NOL 2.019(8)
Cr-N2 2.007(9)
Cr-N3 2.03(1)
Cr'-N4 2.018(7)
Cr-N4* 2.018(7)
S4-Cr-Kl 84.4(2)
S4-Cr-N2 104.5(3)
S4-Cr-N3 108.0(3)
S4-Cr-N41 90.4(2)
Nl-Cr-N2 90.8(3)
Nl-Cr-N3 90.2(3)
ML-Cr-K4’ 174.7(3)
N2-Cr-N3 147.4(3)
N2-Cr-M1 91.2(3)
N3-Cr-N41 90.8(3)
Nl-Cl 1.162(9)
N2-C2 1.144(9)
N3-C3 1.157(9)
N4-C4 1.147(8)
Cl-Sl 1.629(6)
C2-S2 1.653(8)
C3-S3 1.597(9)
C4-S4 1.673(9)
Cr-Nl-Cl 178.6(7)
Cr-N2-C2 165.0(1)
Cr-N3-C3 169.8(9)
Cr'-N4-C4
Cr-S4-C4 104.7(3)
Table 3.8(cont)
Atom
51-Cl-Nl
52-C2-N2
53-C3-N3
54-C4-N4
b) [Bu4N]+ Cation *1
Atom
Nll-Cll
N11-C15
ML1-C19
N11-C113
C11-N11-C15
C11-N11-C19
C11-N11-C113
C15-M1-C19
C15-N11-C113
C19-m-C113
C11-C12
Nii-ai-a2
C12-C13
cn-ci2-ci3
C13-C14
ci2-ci3-ci4
C15-C16
NL1--C15-C16
C16-C17
C15-C16-C17
C17-C18
C16-C17-C18
C19-C110
NI1-C19-C110
Bond Length Bond Angle
179.1(8)
177.1(9)
178.1(8)
Bond Length
1.512(9)
1.527(11)
1.515(10)
1.548(9)
1.502(11)
1.462(12)
1.483(14)
1.499(12)
1.468(13)
1.48(2)
1.493(12)
Bond. Angle
112.0(7)
111.0(7)
107.2(6)
105.8(7)
110.9(6)
111.0(7)
115.9(7)
109.8(8)
113.2(9)
116.1(8)
110.1(9)
113.4(8)
114.5(8)
ey
Table 3.8(cont)
Atom Bond Length Bend Angle
ai0-an 1.47(2)
Cl9-C110-C111 111.1(9)
an-ai2 1 .1 1(2)
C110-C111-C112 129.3(9)
C113-C114 1.504(11)
N11-C113-C114 114.1(7)
CL14-C115 1.487(11)
C113-C114-C115 109.1(8)
C115-C116 1.496(13)
C114-C115-C116 115.0(9)
c) [Bi^N]* Cation 2^
Atom Bond Lenath Bond Mgle
N21-C21 1.590(11)
N21-C25 1.545(11)
N21-C29 1.492(11)
N21-C213 1.573(11)
C21-N21-C25 113.1(8)
C21-N21-C29 111.3(9)
C21-N21-C213 105.7(7)
C25-N21-C29 109.7(9)
C25-N21-C213 105.4(8)
C29-N21-C213 111.5(8)
C21-C22 1.434
N21-C21-C22 113.1(9)
C22-C23 1.48(2)
C21-C22-C23 105.7(7)
C23-C24 1.36(3)
C22-C23-C24 115.1(7)
C25-C26 1.437(13)
N21-C25-C26 117.1(8)
3.8(cont)
Atom
C26-C27
C25-C26-C27 ,
C27-C28
C26--C27-C28
C29-C210
N21-C29-C210
C210-C211
C29-C210-C211
C211-C212
C210-C211-C212
C213-C214
N21-C213-C314
C214-C215
C213-C214-C215
C215-C216
C214-C215-C216
Bond Length 
1.507(14)
1.462(15)
1.437(15)
1.42(2)
1.06(2)
1.386(15)
1.52(2)
1.18(3)
Bond Angle 
112.0(1) 
112.0(1) 
122.0(1) 
119.1(8) 
141.3(9) 
118.0(1) 
117.0(1) 
118.0(2)
Table 3.9(a): Final Atonic Positions For (Bu^N^CrCNCS),! (BROWN)
(e.s.d's in parentheses)
M m
Cr
51
52 
N1 
N2 
Cl 
C2 
N3 
C31 
C32 
C33 
C34 
C35 
C36 
C37 
C38 
C39 
C310 
(311 
C312 
(313 
C314 
C315 
C316
0.000
0.2370(1)
0.3333(1)
0.8933(3)
0.8538(3)
0.8390(3)
0.7767(3)
0.6473(2)
0.5455(3)
0.5226(3)
0.4017(4)
0.3773(5)
0.6471(3)
0.5070(3)
0.5021(4)
0.3645(4)
0.6798(3)
0.7899(3)
0.7786(3)
0.8942(4)
0.8283(3)
0.8708(3)
0.0122(5)
0.9804(7)
Y/b
0.000
0.41562(9)
0.14624(9)
0.8309(2)
0.9388(2)
0.7288(3)
0.9021(2)
0.2726(2)
0.1748(2)
0.2151(3)
0.1021(3)
0.1352(5)
0.3963(2)
0.3844(2)
0.5169(3)
0.5129(3)
0.2073(2)
0.2879(3)
0.2095(3)
0.2801(4)
0.3113(3)
0.2035(3)
0.2544(4)
0.2883(7)
2Ze 
0.000
0.81658(9)
0.81658(8)
0.8399(2)
0.0716(2)
0.7557(2)
0.1184(3)
0.2670(2)
0.2697(2)
0.3493(3)
0.3868(3)
0.5123(4)
0.2795(2)
0.1756(3)
0.1993(3)
0.1011(4)
0.1356(2)
0.1027(3)
-0.0315(3)
-0.0686(3)
0.3800(2)
0.3937(3)
0.5229(4)
0.3683(4)
Table 3.9(b): Final Thermal Parameters For [Bu4N]2Cr(NCS)4 (BROWN)
(e.s.d's in parentheses)
Atom U11 u22 U33 u12 u13 U23
Cr 0.0625(3) 0.0462(3) 0.0579(3) 0.0159(2) 0.0266(2) 0.0098(2)
SI 0.1029(5) 0.0750(5) 0.0750(4) 0.0048(4) 0.0409(3) -0.0154(4)
S2 0.1006(5) 0.0721(5) 0.0796(4) 0.0045(4) 0.0474(3) 0.0205(3)
ML 0.071(1) 0.059(1) 0.064(1) 0.015(1) 0.0268(9) 0.007(1)
N2 0.085(1) 0.057(1) 0.074(1) 0.013(1) 0.0421(9) 0.015(1)
Cl 0.058(1) 0.066(1) 0.056(1) 0.017(1) 0.0291(9) 0.014(1)
C2 0.070(1) 0.044(1) 0.054(1) 0 .011(1) 0.017(1) 0.005(1)
N3 0.0582(9) 0.0429(9) 0.0449(8) 0.0125(8) 0.0184(7) 0.0093(7)
C31 0.063(1) 0.047(1) 0.058(1) 0.013(1) 0.0240(9) 0.0175(9)
C32 0.080(1) 0.073(2) 0.070(1) 0.025(1) 0.041(1) 0.025(1)
C33 0 .111(2) 0.089(2) 0 .112(2) 0.038(2) 0.070(1) 0.054(1)
C34 0.218(3) 0.138(3) 0.178(2) 0.077(2) 0.153(2) 0.085(2)
C35 0.073(1) 0.040(1) 0.053(1) 0.016(1) 0.0266(9) 0.0093(9)
C36 0.069(1) 0.050(1) 0.068(1) 0 .021(1) 0.032(1) 0 .020(1)
C37 0.099(2) 0.066(1) 0.106(2) 0.038(1) 0.054(1) 0.043(1)
C38 0 .102(2) 0.118(2) 0.162(2) 0.059(1) 0.061(2) 0.091(1)
C39 0.064(1) 0.052(1) 0.045(1) 0.0219(9) 0.0200(9) 0.0104(9)
C310 0.066(1) 0.071(1) 0.065(1) 0.026(1) 0.031(1) 0.026(1)
C311 0.090(1) 0.104(2) 0.070(1) 0.051(1) 0.045(1) 0.040(1)
C312 0.130(2) 0.157(3) 0.122(2) 0.075(2) 0.088(1) 0.083(2)
C313 0.061(1) 0.053(1) 0.049(1) 0 .010(1) 0.015(1) 0 .010(1)
C314 0.072(2) 0.068(2) 0.067(2) 0.018(1) 0.013(1) 0.020(1)
C315 0.097(2) 0 .110(2) 0.087(2) 0.017(2) 0.015(2) 0.049(2)
C316 0.147(4) 0.239(5) 0.086(2) 0.049(4) 0.030(3) 0.065(3)
Table 3.10(a): Final Atonic Positions For [Bu4N]2Cr(NCS)4 (BLUE)
(e.s.d's in parentheses)
Atom X X 1l
Cr 0.0477(1) 0.89903(8) 0.4082(1)
SI 0.1843(3) 0.6902(2) 0.4631(2)
S2 -0.2858(3) 0.8208(2) 0.2314(3)
S3 0.3498(3) 0.9532(3) 0.3644(2)
S4 0.0799(2) 0.8961(1) 0.5738(2)
N1 0.1035(6) 0.8110(4) 0.4290(5)
N2 -0.0969(7) 0.8667(4) 0.3476(5)
N3 0.1797(6) 0.9290(4) 0.4000(5)
N4 -0.0043(6) 0.9877(4) 0.3990(5)
Cl 0.1364(8) 0.7605(5) 0.4428(6)
C2 -0.1730(8) 0.8478(5) 0.2985(6)
C3 0.2522(8) 0.9392(5) 0.3865(7)
C4 0.0357(7) 0.9648(4) 0.5913(5)
Nil 0.0372(6) 0.7018(4) 0.6531(5)
N21 0.3940(7) 0.9894(4) 0.7065(6)
Cll -0.0105(8) 0.7285(5) 0.7130(6)
C12 -0.0266(8) 0.7980(5) 0.7056(6)
C13 -0.0889(9) 0.8157(5) 0.7524(8)
Cl 4 -0.108(1) 0.8839(8) 0.7510(9)
C15 -0.0299(9) 0.7137(5) 0.5602(6)
C16 -0.138(1) 0.6884(6) 0.5282(7)
C17 -0.191(1) 0.7010(6) 0.4376(8)
C18 -0.299(1) 0.6776(8) 0.402(1)
Cl 9 0.1405(8) 0.7324(5) 0.6697(6)
C21 0.5646(8) 0.0421(7) 0.7664(8)
C22 0.536(1) 0.0184(8) 0.846(1)
C23 0.588(1) 0.0670(9) 0.910(1)
C24 0.540(2) 0.107(1) 0.944(1)
C25 0.3294(9) 0.9538(6) 0.7464(8)
7 <-*
Table 3.10(a):(cont)
Atom & X £
C26 0.2747(9) 0.9905(6) 0.7849(7)
C27 0,220(1) 0.9499(7) 0.8258(7)
C28 0.163(1) 0.7870(9) 0.8639(8)
C29 0.456(1) 0.9442(6) 0.6801(8)
C110 0.2192(8) 0.7250(9) 0.7578(7)
c m 0.316(1) 0.7570(9) 0.769(1)
C112 0.397(1) 0.745(1) 0.813(2)
Cl 13 0.0521(8) 0.6309(4) 0.6715(6)
ai4 0.0999(9) 0.5970(5) 0.6198(7)
C115 0.108(1) 0.5294(6) 0.6416(7)
a i 6 0.157(1) 0.4899(6) 0.5959(9)
C210 0.407(1) 0.8948(7) 0.6212(9)
C211 0.471(1) 0.8515(9) 0.602(1)
C212 0.471(2) 0.806(1) 0.580(2)
C213 0.3130(0) 0.0251(6) 0.6286(7)
C214 0.349(1) 0.0586(8) 0.577(1)
C215 0.207(1) 0.0975(9) 0.5075(9)
C216 0.299(1) 0.143(1) 0.484(1)
Table 3.10(b) Final Thermal Parameters For [Bu^N^CrfNCS)4 (BLUE)
(e.s.d's in parentheses)
Atom
Cr
51
52
53
54
m
m
m
N4
Cl
C2
C3
C4
Nil
N21
Cll
C12
C13
C14
C15
C16
C17
C18
C19
C21
C22
C23
C24
C25
C26
U11 u22 u33
0.078(1) 0.0600(9) 0.0715(8)
0.193(3) 0.095(2) 0.133(2)
0.101(3) 0.102(3) 0.182(4)
0.130(3) 0.226(5) 0.235(4)
0 .122(2) 0.052(1) 0.073(1)
0.104(6) 0.063(5) 0.091(5)
0.103(7) 0.078(6) 0.087(6)
0.058(6) 0.101(7) 0.097(6)
0.093(6) 0.065(5) 0.071(5)
0.120(9) 0.052(6) 0.084(6)
0.086(7) 0.098(8) 0.065(5)
0.052(7) 0.096(8) 0.104(7)
0.075(7) 0.060(6) 0.051(5)
0.098(6) 0.064(5) 0.084(4)
0.079(6) 0.090(6) 0 .120(6)
0.091(7) 0.070(7) 0.082(6)
0.100(7) 0.072(7) 0 .112(6)
0.040(9) 0.059(7) 0.148(9)
0 .2 2(1) 0.15(1) 0.19(1)
0.142(9) 0.060(6) 0.060(5)
0.13(1) 0.084(8) 0.086(7)
0.18(1) 0 .11(1) 0.076(8)
0.19(2) 0.17(2) 0.14(1)
0 .120(8) 0.054(6) 0.084(6)
0.058(9) 0.16(1) 0.123(9)
0 .12(1) 0.16(1) 0.15(1)
0.20(2) 0.15(1) 0.19(2)
0.27(2) 0.16(2) 0.26(2)
0.100(9) 0.098(9) 0.126(8)
0.105(9) 0.11(1) 0 .101(8)
Ul2 Ul3 u23
0 .001(1) 0.0360(7) -0.0071(9)
0.063(2) 0.103(2) 0.035(2)
0.001(2) 0.002(3) -0.042(3)
-0.046(3) 0.125(2) -0.022(4)
0.005(2) 0.045(1) 0.004(1)
0.009(5) 0.052(4) 0.002(5)
0.002(5) 0.030(5) -0.020(5)
0.002(5) 0.040(4) -0.010(5)
0.010(5) 0.042(4) 0.006(4)
0.028(6) 0.049(5) -0.005(5)
-0 .001(6) 0.051(4) -0.006(6)
0.004(6) 0.044(5) -0 .012(6)
0.011(5) 0.028(4) 0.013(6)
0.010(5) 0.055(4) 0.010(4)
0.008(5) 0.050(5) 0.030(5)
0.001(6) 0.055(5) 0.010(4)
0 .010(6) 0.076(5) 0.007(6)
-0.004(7) 0.081(7) 0.009(7)
0.00(1) 0.151(7) 0.03(1)
0.001(7) 0.046(5) 0.014(5)
0.003(8) 0.031(7) 0.011(7)
0.003(8) 0.031(7) 0.011(7)
0.05(1) -0.05(1) -0.03(1)
0.015(6) 0.057 ( 5) 0.013(5)
0.003(8) 0.026(7) -0.005(9)
-0 .00(1) 0 .02(1) 0 .01(1)
-0 .00(1) -0.05(1) -0.03(1)
-0 .01(2) -0.03(2) -0 .02(2)
-0.036(7) 0.055(6) -0.007(8)
-0.010(8) 0.041(6) -0.012(7)
Table 3.10(b)(cont)
Atcm
C27
u n
0.16(1)
u22
0.13(1)
u33
0.083(7)
u12
-0.022(9)
u13
0.059(6)
u23
0.002(8)
C28 0.20(1) 0.21(2) 0.108(8) -0.01(1) 0.084(7) 0.01(1)
C29 0.14(1) 0.091(9) 0.18(1) 0.019(8) 0.101(7) 0.019(8)
C110 0.069(8) 0.096(8) 0.133(8) -0.025(6) 0.057(6) -0.001(7)
an 0.12(1) 0.17(2) 0.21(1) 0.00(1) 0.082(9) 0.01(1)
ai2 0.13(2) 0.32(2) 0.67(4) -0.03(2) 0.08(2) 0.26(2)
ai3 0.099(8) 0.042(5) 0.092(6) -0.004(6) 0.047(5) 0.019(5)
ai4 0.134(9) 0.00(7) 0.111(7) 0.018(7) 0.069(6) 0.016(6)
ais 0.16(1) 0.085(8) 0.123(8) 0.019(8) 0.080(7) 0.015(7)
ai6 0.30(1) 0.068(9) 0.20(1) 0.008(9) 0.167(8) 0.013(8)
C210 0.20(1) 0.11(1) 0.135(9) -0.01(1) 0.079(8) 0.006(9)
C211 0.27(2) 0.17(1) 0.38(2) 0.01(1) 0.22(1) -0.10(1)
C212 0.63(2) 0.21(2) 0.54(2) 0.11(2) 0.45(1) -0.01(2)
C213 0.10(1) 0.107(9) 0.111(8) -0.004(8) 0.025(7) 0.045(7)
C214 0.19(1) 0.14(1) 0.14(1) 0.00(1) 0.05(1) 0.02(1)
C215 0.19(1) 0.32(2) 0.12(1) -0.10(1) 0.027(9) 0.08(1)
C216 0.14(2) 0.27(3) 0.59(5) 0.09(2) 0.01(3) 0.03(3)
Table 3.11s Bond Lengths(A) and Bond Angles(°) in [Et4N]2Cr(NCS) 4.EtOH
(e.s.d' in parentheses)
a) [Cr(NCS)4*EtOH]2“ Cation
Atm  Bond Length Bond Angle
Cr-NOL 2.015(5)
Cr-N2 2.012(5)
Nl-Cr-N2 89.91(2)
Nl-Cr-Nl' 178.5(4)
N2-Cr-N2' 166.8(3)
Cr-Ol 2.310(8)
Nl-Cr-Ol 90.7(2)
N2-Cr-Ol 96.6(2)
Nl-Cl 1.129(8)
N2-C2 1.136(8)
Cr-Nl-Cl 176.3(6)
Cr-N2-C2 178.1(6)
Cl-Sl 1.630(7)
C2-S2 1.634(7)
N1-Cl-Sl 179.0(7)
N2-C2-S2 179.4(6)
01-C7 1.12(2)
Cr-01-C7
C7-C8 1.53(2)
01-C7-C8
b) [Et4N]+ anion
Atom Bond Length Bond Angle
N3-C3 1.558(6)
C3-C4 1.528(8)
N3-C3-C4 113.7(4)
C3-N3-C3' 109.6(5)
N3-C5 1.551(6)
C5-C6 1.553(8)
N3-C5-C6 113.2(4)
C5-N3-C51 107.1(3)
Table 3.12(a): Final Atonic Positions For [Et4N]2Cr(NCS) 4.EtOH
(e.s.d's in parentheses)
Atom X X 2
Cr < 0.000 0.2766(1) 0.2500
SI 0.500 0.2156(2) 0.0332(1)
S2 0.2785(1) 0.2384(2) 0.2500
N1 0.000 0.2741(5) 0.3697(3)
N2 0.1170(3) 0.2564(5) 0.2500
N3 0.2223(3) 0.0000 0.5000
Cl 0.0000 0.2795(5) 0.4367(4)
C2 0.1384(4) 0.2486(5) 0.2500
C3 0.2255(3) 0.4131(4) 0.4535(3)
C4 0.1700(3) 0.4722(5) 0.1051(3)
C5 0.3291(3) 0.4267(4) -0.0569(3)
C6 0.3823(3) 0.4983(5) 0.1109(4)
a -0.0243(8) 0.561(1) 0.2754(7)
C8 0.0000 0.683(1) 0.2500
01 0.0000 0.4782(7) 0.2500
HI* -0.0137 0.5656 0.3361
H2* -0.0848 0.5657 0.2643
*
H3 -0.0318 0.7497 0.28244*
H4 0.0600 0.6985 0.2609
H5* -0.0111 0.6985 0.1891
H6 0.307(2) 0.129(4) 0 .011(2)
H7 0.140(2) 0.137(4) 0.014(2)
H8 0.304(2) 0.021(3) 0.348(2)
H9 0.271(2) 0.360(3) 0.077(2)
H10 0.413(3) 0.440(5) 0.090(3)
Hll 0.221(3) 0.125(4) 0.409(2)
H12 0.144(3) 0.411(4) 0.367(3)
H13 0.364(3) 0.027(4) 0.087(3)
HI 4 0.079(3) 0.069(5) 0.148(3)
HI 5 0.370(3) 0.432(5) 0.357(3)
* not included in the refinement procedure
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Table 3.12(b): Final Thermal Parameters For [Et^N^CrfNCS)4.EtOH
(e.s.d's in parentheses)
Atom U11
CN
&
”33 ”23 ”l3 ”12
Cr 0.0474(8) 0.070(1) 0.0534(8) 0.000 0.000 0.000
SI 0.135(2) 0.102(2) 0.055(1) 0.001(1) 0.000 0.000
S2 0.052(1) 0 .122(2) 0.118(2) 0.000 0.000 0.016(1)
Nl 0.081(3) 0.118(4) 0.069(4) -0.001(3) 0.000 0.000
N2 0.061(3) 0.115(4) 0.087(4) 0.000 0.000 -0.003(3)
N3 0.069(3) 0.060(3) 0.098(4) 0.003(3) 0.000 0.000
a 0.054(4) 0.062(4) 0.069(4) -0 .001(1) 0.000 0.000
C2 0.069(4) 0.065(4) 0.054(4) 0.000 0.000 0.003(4)
C3 0.092(4) 0.051(3) 0.108(4) -0.027(3) 0.027(3) -0.019(3)
C4 0.083(4) 0.122(5) 0.099(4) 0.031(4) 0.019(3) -0.013(3)
C5 0.080(4) 0.065(3) 0.114(4) -0.032(3) -0.014(3) 0.021(3)
C6 0.084(4) 0.119(4) 0.115(5) -0.028(4) -0.038(4) -0.007(4)
a 0.05(1) 0 .011(1) 0.034(9) -0.031(8) 0.015(6) -0 .002(8)
C8 0.118(9) 0.11(1) 0.081(7) 0.000 0.000 0.000
01 0.120(7) 0.074(6) 0.27(1) 0.000 0.000 0.000
✓ w
Table 3.13: Bond Lengths(A) and Bond Angles(°) in Cr(tu)2 (NCS)2
(e.s.d's in parentheses)
Atom Bond Length Bond Angle
Cr-S2 2.486(1)
Cr-Nl 2.025(3)
51-Cr-NL 81.25(8)
Nl-Cl 1.164(5)
Cl-Sl 1.619(3)
Cr-Nl-Cl 162.6(3)
Nl-Cl-Sl 179.0(3)
C2-N2 1.313(5)
C2-N3 1.315(5)
52-C2-N2 117.8(3)
S2-C2-N3 122.4(3)
Table 3.14(a): Final Atomic Positions For Crftu^NCS^) 
(e.s.d's in parentheses)
AtCP £ X z.
Cr , 0.000 0.000 0.000
SI 0.4183(2) 0.2899(1) 0.54780(8)
S2 0.2933(2) 0.2442(1) 0.03388(7)
m 0.1203(7) 0.1008(4) -0.1935(3)
N2 0.3543(8) 0.4479(4) 0.2116(3)
N3 0.1199(8) 0.2001(4) 0.3011(3)
Cl 0.2439(8) 0.1790(4) 0.7090(3)
C2 0.7498(8) 0.6999(4) 0.8044(3)
HI* 0.3319 0.500 0.2773
H2* 0.4160 0.5410 0.1386
H3* 0.0820 0.2500 0.3887
H4* 0.0820 0.0820 0.2773
not included in the refinement procedure
Table 3.14(b) Final Themal parameters For Cr(tu)2 (NCS)2 
(e.s.d's in parentheses)
Atcm U11 u22 u33 u12 u13 °23
Cr 0.0251(3) 0.0227(3) 0.0117(3) -0.0143(2) -0.0041(2) 0.0022(3)
SI 0.0395(4) 0.0511(5) 0.0187(4) -0.0288(3) -0.0050(3) 0.0090(4)
S2 0.0251(3) 0.0227(3) 0.0168(3) -0.0124(3) -0.0032(3) -0.0023(3)
N1 0.028(1) 0.027(1) 0.018(1) -0 .012(1) -0.006(1) 0 .001(1)
N2 0.051(2) 0.028(1) 0.027(1) -0.018(1) -0.008(1) -0.008(1)
N3 0.044(1) 0.036(1) 0.018(1) -0.017(1) -0.002(1) -0.005(1)
Cl 0 .022(1) 0.023(1) 0.018(1) -0.008(1) -0.008(1) -0 .002(1)
C2 0.017(1) 0.022(1) 0.023(1) -0.002(1) -0.005(1) -0.005(1)
Chapter Four: CHROMIUM(II) TERNARY HALIDES
4.1: Introduction
>
Interest in chromium (I I) ternary halides stretches as far back as 
1962 when Gut and Gueher^ prepared potassium trichlorochromate(II). The 
rubidium and caesium salts were prepared soon after75,76/77. In i970 Hardt 
and Strei^t^S confirmed the existence of these compounds as well as 
reporting the ammonium, tetramethylamraonium and pyridinium salts. They 
reported that all but the ammonium and pyridinium salts had hexagonal 
structures. Also in 1970 T r i g g ^  prepared the hydrated complex 
CsCrCl3 (H20)2•
As found generally in chromium(II) chemistry, the relationship of 
the high-spin 3d^ configuration (chromium(II)) to the 3d^ configuration 
(copper(II)) means that it is likely that the structures of chromium(II) 
ternary halides will be isomorphous (or nearly so) to those of their 
copper(II) analogues.
The structures of both CsCuC13^9 arK3 CsCuBr3^  have been reported. 
The chloro-coraplex was reported to have a hexagonal structure (space group 
P6^22, a = 7.216A, c = 18.177A) and contains linear chains of face- 
sharing, distorted [CuCl^]^"- octahedra which form a one-dimensional 
network. CsCuBr3, is however, strongly spin-coupled, having a very low 
magnetic moment at room temperature and has a totally different structure. 
The structure of this complex consists of face-sharing [Cu2Brg]^~ dimers 
which in turn share corners with six other dimers to form a three- 
dimensional network. This type of structure would seem to be unique 
amongst compounds of the type ABX3^-'^ (a = cation, B = transition metal 
ion, X = halide ion).
Amongst other complexes of the type ABX3 the antiferromagnetic 
complex KCuC13^  has been found to be isomorphous with caesium 
trichlorocuprate(II). The bromo-complex KCuBr3 which also exhibits 
antiferromagnetic behaviour has been shown to be isomorphous^ with its
chloro-equivalent. Willet®^ reported that NH^CuQ^is isomorphous with the 
corresponding potassium salt.
The structure of LiCuCl3.2H20 consists*^ of C ^ C l g O ^ O ^  units 
which bridge to other units of the same type via the terminal chlorine 
atoms. Discussion as to the structure of the "straight" chromium(II) 
ternary halides has been underway for some time. Iberson^, in 1962, 
reported that CsCrCl3 was isomorphous to the analogous copper(II) complex. 
However, two years later, Siefert and Klatyck^ concluded that this 
complex was isostructural with the corresponding nickel(II) complex^. 
Both these conclusions were based on the comparison of X-ray powder 
photographs.
The first full structural investigation of caesium trichloro- 
chromate(II) was reported in 1972. HcPherson^ concluded that none of the 
above reports was correct and that, although the structure was indeed 
hexagonal, the space group of the unit cell was P63mc with two molecules 
per unit cell and unit cell dimensions a = 7.256A ana c = 6.224A. The 
structure was reported to consist of linear chains of distorted, face- 
sharing, [CrClg]^- octahedra in which the site symmetry of the Cr^+ ions 
is C3v. The structure of the bromo-complex CsCrBr3^  was reported to be 
the same as for its chloro-analogue.
.These reports, as well as one^ which states that EbCrCl3 is of 
lower symmetry than CsCrCl3 have been superseded by the work of Crama.
Discussing the structures of <*-CsCrCl3 andoC-CsCrI3^  Crama put 
forward the hypothesis that the space group P63mc was not logical in 
relation to the expected operation of a Jahn-Teller effect which should 
occur in octahedral chromium(II) complexes. This is because there is no 
simple explanation for a Jahn-Teller effect which results in a system of 
three short and three long Cr-halide bonds (as found by Mcpherson). This 
is reasonable in view of the fact that a Jahn-Teller effect is likely to
result in a system in which the site symmetry of the Cr^+ ion will be 
and not the C3v site symmetry previously reported for CsCrCl3 and
CsCrBr388,89e
With this in mind, Crama chose as a model a disordered P63/mmc
no
space group (P63/rrirric would normally result in an undistorted CsMgCl3 
structure). This gave rise to a structure consisting, as expected, of one­
dimensional linear chains in which the bond lengths in the face-sharing 
octahedra were as follows for CsCrI3:-
(a) 2.79A (4X)
(b) 3.07A (2X)
Although the Xl-Cr-X2 (X = halide ion) angles are not exactly 90° it can 
be said that the site symmetry of the Cr^+ ion in this type of structure 
is pseudo and that the criterion for the operation of a reasonable 
Jahn-Teller effect is satisfied.
The same type of disordered hexagonal structures can be assigned 
to^ the following complexes :-
©<-FbCuCl3 <*-RbCrI3
<*-CsCrBr3 <*-CsCuCl3
°C-RbCrCl3 <*-RbCrBr3
Other phases of this type of complex (i.e. p end 25') do not have hexagonal 
structures (for instance, ^-RbCrCl^-^ belongs to the inonoclinic crystal 
system, space group C2) but their structures consist of the same type of 
distorted, psuedo D^, face-sharing octahedral, one-dimensional anionic 
chains.
The work reported in this chapter will be the results of the
determination of the structures of three complexes of the type ABX3. These
are, (a) [HPy]CrCl3, (b) [HPy]CrClxBr3_x and (c) [(CH3)2CHNH3]CrClxBr3»x. 
The reasons for studying these complexes are to gauge the effect on such 
parameters as bridging angles of the introduction of bromine into the 
anionic chains and to see what effect, if any, the substitution of
isopropylammonium for pyridinium has on the overall structure.
4.2: Experimental
<
4.2.1: [HpyJCrCl^
All the complexes examined here were prepared by Larkworthy and 
Tandon^. The first to be examined were yellow, needle-shaped crystals of 
pyridinium trichlorochromate(II) ([HPyjCrCl^).
These were found to be very poor scatterers of M o ^  radiation. One 
of the results of this was that one could not use the normal SEARCH 
procedure (see chapter 1) to determine the unit cell parameters. In order 
to do this a rotation X-ray photograph was taken. This resulted in a 
photograph on which each reflection appears four times. X and Y were then 
measured for the 22 strongest reflections on the photograph. The unit cell 
parameters were then calculated using the PHOTO option on the CAD4 system. 
The unit cell parameters were then refined in the usual way. Although the 
crystal was in fact orthorhombic (see Table 4.1 for crystal data), it was 
thought that as the crystal was such a poor scatterer, rather than collect 
each reflection over a longer time than was normally used it might be 
better to collect the reflection data as if the crystal was of the 
monoclinic system and then merge symmetry equivalent reflections in order 
to obtain a more reliable estimate of the scattered intensity of each 
reflection.
In the event 1424 data reflections were collected ((sin0//Or,-^ =max
G.58) of which 752 were unique to the orthorhombic system. 378 were 
considered to be observed. The data was not corrected for absorption and 
examination of a standard reflection every 30 minutes gave no indication 
of any significant crystal decay.
The structure was solved using the heavy atom method. Examination 
of a three-dimensional Patterson synthesis resulted in known positions for
the chromium atom and one of the chlorine atoms. Using these positions as 
a basis for the solution of the structure, a succession of FQ Fourier
syntheses revealed the positions of all the non-hydrogen atoms in the 
structure. One difficulty that did arise was in the determination of the 
position of the pyridinium cation. In the space group Pbcn there are two­
fold symmetry axes at 0,y,l/4 and l/2,l/2+y,l/4. In this structure the 
symmetry unique atoms in the pyridinium ring lie on one side of this axis. 
This means (see Fig 4.1) that the average electron-density for the 
nitrogen atom position is an average of carbon and nitrogen electron 
density. Although a "composite" scattering factor could have been used it 
was decided to assign this position as nitrogen. The same also applies in 
[HPy]CrClxBr3_x.
With all temperature factors anisotropic R was reduced to 0.047 
after four cycles of least-squares refinement. Hydrogen atom positions 
were not generated. A weighting scheme was applied ( W = 1.681/r^F) and 
this resulted in final values of E = 0.054 and ^  = 0.039
4.2.2: [HPy]CrClxBr3_x
The unit cell parameters of a golden-brown, needle-shaped crystal 
were determined and refined in the usual fashion. Even though the crystal 
scattered Mo^a radiation reasonably well it was decided to collect the 
reflection data as if the crystal were monoclinic. After averaging of 
symmetry related reflections 775 reflections were unique ((sin0/A)max) = 
0.63) of which 666 were considered to be observed. No absorption 
correction was applied to the data.
The space group of [HPy]CrClxBr3_x was found to be Pbcn (see Table 
4.2 for crystal data) and, as this is the same as for [HPy]CrCl3 r it was 
thought that the structures of the two complexes would be extremely 
similar. Because of this the initial phase of the structure determination 
was effected by using the final atomic parameters from [HPyjCrO^ in the
(b)
Fig 4.1: (a) The Electron-density Distribution Normally
Found for a Pyridinium Cation 
(b) The Electron-density Distribution Found for
Pyridinium Cations in [HPy]CrCl and [HPy]CrCl Br 3-x
structure factor calculation and using these as a basis for the
calculation of an FQ Fourier synthesis.
It will be noticed from the empirical formula of this complex (and
that of [ (CH3) 2CHNH3] CrClxBr3_x ) that it is thought94 that there are non- 
integral -amounts of bromine and chlorine in the formula unit. In order to 
gauge the effect of the introduction of bromine into the structure one 
must first know where it is substituted for chlorine. This may be found 
out by examining a difference Fourier synthesis. In this structure, if one 
is to believe the empirical formula, any given unit cell can contain any 
one of the following formula units:-
(a) CrG . 3
(b) CrCl2Br
(c) CrB^Cl
(a) CrBr3
An electron-density map will show the statistical average, over all unit 
cells, of the electron-density at a particular position so if the 
electron-density is greater (or less) than one might expect at a position 
it is likely that this is the position where one atom displaces another in­
different unit cells.
In the case in hand, chlorine was assigned to the assumed 
positions of the halide ions and a three-dimensional difference Fourier 
synthesis calculated. Examination of the resulting difference map 
indicated that bromine displaced chlorine at both halide positions. In 
order to account for this the relevant positions were assigned to chlorine 
in the next stage of the refinement procedure and the occupancies of these 
positions were refined. Both atoms were assigned an isotropic temperature 
factor which was fixed at the overall value calculated from a Wilson 
plot9 .^ After four cycles of least-squares refinement the occupancies had 
become stable and these were then fixed: to allow isotropic refinement of
the temperature factors. With all temperature factors anisotropic £ was 
reduced to 0.074.
At this stage a Killean-Lawrence weighting scheme was applied9*? and 
after three cycles of least-squares refinement R was reduced to 0.054. 
There were still two reflections with large wAF in the structure factor 
list so these were rejected. Two further cycles of refinement reduced R to 
0.049. Hydrogen atoms were not generated.
4.2.3: [ (CH3)2CHNH3 ] CrClxBr3__x
For these dark-brown, orthorhombic crystals a total of 677 unique 
data reflections were collected. Of these 546 were considered to be 
observed. An empirical absorption correction^ V7as applied to the data 
along with the more usual corrections. Once again the systematic absences 
in the data indicated that the space group was Pbcn (see Table 4.3 for 
crystal data). This is the same as for the other two trihalochromates(II) 
discussed here. Bearing this in mind, the final atomic parameters derived 
for [HPy]CrCl3 were used as a starting point in the determination of the 
structure. [ (CH3)2CHNH3] CrClxBr3_x, like [HPy]CrClxBr3_x, has non-integral 
numbers of chlorine and bromine atoms in the formula unit and the 
procedure of refining the occupancies of the halide positions (as used for 
[Hpyj CrClvBr? ,,) was carried out. The results from this procedure seem to 
suggest that bromine displaces chlorine in only one position.
Hydrogen atoms were not generated. Unit weights were used 
throughout the refinement procedure. The final value of R was 0.033.
4.3: Results and Discussion
As can be seen from Figures 4.2(a) and 4.2(b) all three structures 
examined here consist of the familiar linear, face-sharing, one­
dimensional, distorted octahedral anionic chains which are separated by

Fig 4.2(b)
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Fig 4.2: The One-dimensional Anionic Chains Found in the
Structures of [Hpy]CrCl , [HPy]CrCl Br andj x x
[(CH ) CHNH0]CrCl Br_ . Note That X is either j 2 J x J-x
Cl” or Br~ in the Mixed Halide Complexes
the relevant cation. This is the same type of structure as for most 
complexes of the type ABX3. From Figures 4.3, 4.4, 4.5, 4.6 and 4.7 it can 
be seen that the three complexes are essentially isostructural. In 
pyridinium trichlorochromate(II) Cll-ML and C12-N1 distances of 3.456A and 
3.415A indicate the presence of rather weak hydrogen bonds between the 
anionic chains and the pyridinium cations. In the mixed halide complexes 
distances of 3.43A and 3.39A (for the pyridinium salt) and 3.74A and 3.43A 
(for the isopropylammonium salt) also indicate the presence of these 
hydrogen bonds. Figure 4.8 shows the numbering scheme used for the 
pyridinium cations in [KPy]CrCl3 [HPy]CrClxBr3_x as well as the 
numbering scheme for the isopropylammonium cations in 
[(CH3)2CHNH3]CrClxBr3_x.
In the introduction to this chapter much was made of the expected 
site symmetry of a Cr^+ ion in a Jahn-Teller distorted system. The co­
ordination around the Cr^+ ion in these three complexes is as follows:-
[HPy]CrCl3 [BPy]CrClxBr3_x [ (CH3) 2Cm® 3]CrClxEr3_x
Cr-Xl 2.456(2)A 2.520(1)A 2.430(1)A
Cr-X2 ’ 2.387(3)A 2.464(1)A 2.503(1)A
Cr-X2" 2.823(3) A 2.893(1)A 2.907 (1)A
(X = halide ion)
As the Cr^ *** ions are sited on centres of symmetry in all the structures 
here determined, the above bond lengths mean that in all three structures 
the co-ordination around the metal atom essentially consists of four short 
and two long bonds. Kence, even though the co-ordination angles are not 
quite 90°, it is a reasonable conclusion to say that the site symmetry of 
the Cr^+ ions is pseudo and the Jahn-Teller effect is satisfied.
All bond lengths and angles in the cations for all three complexes 
are within the expected range. Final atomic parameters can be found in 
Tables 4.4, 4.6 and 4.8 while a summary of bond lengths and angles can be
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Figure 4.3: A Packing Diagram for Both QHPyjCrCl^ and
[HPy]CrClxBr^_x showing the Separation of the Anionic 
Chains by the Pyridinium Cations. The Molecules at 
1/2,0,0 and 1/2,1/2,0 have Been Omitted for the Sake 
of Clarity. The Same applies for Fig 4.5
Fig 4.4: As for Fig4.3 but Viewed Parallel to the c-axis
cSo °so a'o °so
^  CSou
°So cSd cSd °*o
4.5 A Packing Diagram for [ (CH^^CHNH^lCrCl^Br^^
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Fig 4.6: As for Fig 4.5 but Viewed Parallel to the c-axii
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Fig k.7' The Numbering Schemes for:-
(a) The Pyridinium Cations in LHPyjCrCl^ and
[HPy]CrClxBr^_x and (b) The isopropylammonium
Cations in [(CH„)0CHNHa]CrCl Br3 2 3 x 3-x
found in Tables 4.5, 4.7 and 4.9.
All of the complexes investigated here are antiferromagnetic and 
this would seem to be due to the interaction of adjacent Cr2+ ions via the
halide bridges in the anionic chains. However, Cr-Cr distances of 3.27A
([HPy]CrCl3), 3.31A ([HPy]CrClxBr3_x) and 3.25A ([ (CH3)2CHNH3 ]CrClxBr3__x
may allow some form of direct metal-metal interaction which would also
contribute to the overall antiferromagnetic properties of these complexes.
One can try to gauge the effect on the bridging angles of the 
introduction of bromine into the anionic chains by examining the following 
bond angles:-
[HPy]CrCl3 [HPy]CrClxBr3_x
Cr-Xl-Cr1 83.4(3)° 82.08(2)°
Cr-X2-Cr 77.1(2)° 75.84(2)°
From this it can be seen that the effect of the introduction of bromine 
into the structure has been to make the halide bridging angles more acute.
However, it should be remembered that while in [HPy]CrClxBr3_x 
bromine seems to displace chlorine in both halide positions, in the 
isopropylammonium salt bromine seems to displace chlorine in only one 
position. Which, if any, of these two conflicting indications is correct? 
There are two reasons why it is more likely that the situation in the 
isopropylammonium salt is the correct one. Firstly, the data for this 
complex were corrected for absorption while the data for [Hpy] CrClxBr3_x 
was not. This raises the possibility that the difference density found at 
one of the halide positions in the pyridinium complex may have been due to 
systematic errors in the data (i.e. non-correction for absorption effects) 
and was not due to the fact that bromine substituted for chlorine at this 
position. Secondly, it is likely that the increase in volume for a unit 
cell to contain CrBr3 units rather than CrCl3 units will be too great for 
a system in which the bromine substitutes for chlorine in both positions 
to cope.
Bearing this in mind, and assuming that a difference in the cation 
in the structure has little effect on structure of the anionic chain it is
perhaps better to compare certain parameters in [HPy]CrCl3 with those in 
[ (CH3) 2CHNH3]CrClxBr3__x.
[HPy]CrCl3 [ (CH3) 2CHNH3] CrClxBr3_>.
Cr-Cll 2.456(2)A 2.430(1)A
Cr-X2 2.387(3)A 2.501(1)A
Cr-X2’1 2.823(3)A 2.907(1)A
Cr-Cll-Cr*' 83.4(3)° 83.81(5)°
Cr-X2-Cr" 77.1(2)° 73.32(2)°
From this comparison it can be seen that the introduction of bromine into 
the structure has not significantly changed those structural parameters 
involving the chlorine which is not displaced. Where bromine does displace 
chlorine the bridging angles become more acute than suggested previously.
It should also be pointed out that while these structures have more 
in common with the other non-hexagonal trihalochromates(II) (i.e. B-
RbCrCl3) the structures examined here are very reminiscent of the
♦
hexagonal perovskite (2L) stuctures of other chromium (II) ternary halides 
such as a-CsCrI3 (see Fig 4.2).
Table 4.1: Crystal data For P y t i c l i n i u m  Trichlorochranate(II)
Molecular Formula
Crystal System 
Space Group 
a
h
c
2c
z
Asalc
u(MokJ
F(000)
[NC5H6]CrCl3
238.46
Orthorhcmbic 
Pbcn (60) 
7.358(2)A 
17.671(4)A 
6.533(4)A 
849.4(8)A3 
4
1.86 gaif-3 
60.23 cm”1 
472
Table 4.2: Crystal Data For [HPy]CrClxBr3-x
Molecular Formula
M"r
Crystal System 
Space Group
£
b
c
2c
z
Asalc
U(Mok*}
V(OOO)
[NC5H6]CrClxBr3_
282.98
Orthorhanbic 
Pbcn (60)
7.512(2)A 
17.832(5)A 
6.619(1)A 
886.7 (8) A3 
4
2.12 gam”3 
62.24 cm”1 
544
Assuming a 2:1 ratio of chlorine to bromine
Table 4.3: Crystal Data For
Molecular Formula [MC5H6]CrClxBr3_
*^r 261.90
Crystal System Orthorhcmbic
Space Group Pbcn (60)
a 7.487(1)*
b 17.622(4)*
£ 6.493(3)A
IZc 856.7 (6) A3
*Dcalc 2101 go"”3
U(Moj^ ) 64.73 cm
*F(000) 512
•ft
Assuming a 2:1 ratio of chlorine to brctnine
- 1
Table 4.4(a): Final Atomic Positions For Pyridinium Trichlorochrcmate(II)
(e.s.d°s in parentheses)
Atom . £ y 2
Cr 0.000 0.000 0.000
Cll 0.000 0.1038(2) 0.2500
C12 0.2389(6) 0.0554(2) -0.1968(4)
N1 0.539(3) 0.1209(7) 0.161(2)
02 0.427(3) 0.188(1) -0.588(2)
C3 0.540(4) 0.2533(8) 0.153(2)
Table 4.4(b): Final Hiermal Parameters For Pyridinium Trichlorochrcmate(II)
(e.s.d's in parentheses)
Atom U11
CM u33 u12 u13 u23
Cr 0.052(2) 0.033(2) 0.010(1) -0.002(2) 0.0011(2) -0.0014(4)
Cll 0.072(4) 0.034(3) 0.021(3) 0.000 -0.006(4) 0.000
C12 0.064(2) 0.052(2) 0.025(2) -0 .002(2) 0.010(2) -0.016(2)
m 0.08(2) 0.09(1) 0.13(2) -0.06(1) 0 .0 2(2) 0 .0 0(1)
02 0.08(2) 0.14(2) 0.04(1) -0.01(1) 0.015(1) 0.00(2)
C3 0.09(3) 0.06(1) 0.07(2) 0.035(9) -0 .02(2) -0 .0 1(2)
Table 4.5: Bond Lengths (A) and Bond Angles(°) in [HPyjCrC^
(e.s.d's in parentheses)
Atom Bond Length fopnd Angle.
Cr-Cll 2.456(2)
Cr-C12 2.387(3)
Cr-C1211 2.823(3)
Cll-Cr-C12 93.0(1)
Cll-Cr-C1211 78.0(2)
C12-Cr-C12" 86.5(2)
Cr-Cll-Cr’ 83.4(3)
Cr-C12-Cr1 77.1(2)
NOL-NL1 1.308(7)
N1-C2 1.368(6)
C2-C3 1.346(8)
C3-C3* 1.397(8)
ML-C2-C3 118.9(6)
Nl-Nlf-C2 121.2(6)
C3-C3'-C2 119.6(7)
Table 4.6(a) Final Atonic Positions For [I3Py]CrClxBr3_x
(e.s.d's in parentheses)
Atom X y 2 Occ
Cr 0.000 0.000 0.000
XI 0.000 0.10660(5) 0.2500 0.60* +
X2 0.2426(1) 0.05717(5) -0.1975(1) 1.40# -ft
KL 0.5350(9) 0.1224(4) 0.159(1)
C2 0.427(1) 0.1859(5) 0.438(1)
C3 0.540(1) 0.2496(4) 0.152(2)
Table 4.6(b): Final Thermal Parameters For [HPy]CrClxBr3__x 
(e.s.d's in parentheses)
Atom U11 u22 U33 Ui2 u13 u23
Cr 0.0586(7) 0.0442(5) 0.0191(5) -0.0022(5) 0.0014(5) -0.0003(4)
XI 0.0664(9) 0.0513(8) 0.0238(6) 8.000 -0.0036(7) 0.000
X2 0.0658(6) 0.0548(5) 0.0296(5) -0.0107(5) 0.0068(4) 0.0004(4)
111 0.086(4) 0.092(3) 0.172(8) 0.014(4) -0.018(5) -0.052(4)
C2 0.135(7) 0.111(5) 0.072(5) 0.019(5) 0.012(6) 0.017(5)
C3 0.128(6) 0.079(4) 0.107(6) -0.028(4) -0 .021(6) 8.034(4)
Chlorine assigned at atomic position. 
Nominal occupancy of position is, 0.5. 
Nominal occupancy of position is 1.0.
Table 4.7: Bond Lengths and Bond Angles in [HPy]CrClxBr3_x
(e.s.d's in parentheses)
Atom Bond Length Bond Angls
Cr-Xl 2.520(1)
Cr-X2 2.464(1)
Cr-X2”  2.893(1)
Xl-Cr-X2 92.08(2)
Xl-Cr-X2" 79.13(2)
X2-Cr-X2" 92.70(2)
Cr-Xl-Cr! 82.08(2)
Cr-X2-Cr" 75.84(2)
Nl-Nl1 1.309(1)
KL-C2 1.334(7)
C2-C3 1.307(8)
C3-C3' 1.428(9)
N1-C2-C3 118.4(6)
.K1-N1,“C2 121.9(4)
C3-C3'-C2 119.6(4)
Table 4.8(a): Final Atomic Positions For [ (CH3)2CHNH3]CrClxBr3_x
(e.s.d's in parentheses)
Atom x y Z. Qcc
Cr 0.000 0.000 0.000
Cll 0.000 0.10265(8) 0.2500 0.501
X2 0.2456(1) 0.06228(4) -0.1981(1) 1.60 * -ft
m. 0.500 0.0992(4) 0.2500
Cl 0.500 0.1820(5) 0.2500
C2 0.427(1) 0.2160(5) 0.420(1)
Table 4.8(b): Final Thermal Parameters For [(CH3)2CHMH3]CrClxBr3_x
(e.s.drs in parentheses)
Atom U11 u22 u33 u12 U13 u23
Cr 0.0333(4) 0.0352(5) 0.0225(4) -0.0052(6) 0.0044(5) -0.0025(3)
Cll 0.0457(8) 0.0281(6) 0.0247(6) 0.000 0.0024(9) 0.000
X2 0.0356(3) 0.0467(4) 0.0304(4) -0.0097(3) 0.0036(3) -0.0035(3)
m 0.090(5) 0.039(3) 0.104(6) 0.000 -0.031(6) 0.000
Cl 0.31(2) 0.031(4) 0.095(7) 0.000 0.08(1) 0.000
C2 0.105(5) 0.080(5) 0.084(5) -0.008(4) 0.035(5) -0.025(4)
* Chlorine assigned at atomic position.
+ Nominal occupancy of position is 0.5.
tt Nominal occupancy of position is 1.0.
Table 4 .9: Bond Lengths and Bond Angles in [(CH3)2CHNH3]CrClxBr3_x
(e.s.d's in parentheses)
Atom 
Cr-Cll 
Cr-Xl 
Cr-Xl*1 
Cl-Cr-Xl 
Cl-Cr-Xl'1 
XI-Cr-Xl1•
Cr-Cll-Cr' 
Cr-Xl-Cr1
Bond Length 
2.430(1) 
2.503(1) 
2.907(1)
Bond Angle
90.97(2)
80.25(2)
92.52(3)
83.81(5)
73.32(2)
KL-C1
C1-C2
N1-C1-C2
1.46(2)
3.37(1)
115.9(7)
Chapter Five: MAGNETICALLY CONCENTRATED TETRAHALOCHROMATES(II)
5.1: Introduction
Of all the classes of chromium(II) complex known, it is probably 
the tetrahalochromates(II) which have been most extensively studied. 
Reports on this type of compound range from magnetic susceptibility 
measurements through optical properties to structure determinations using 
X-ray and neutron powder and single-crystal measurements.
It would seem that the reason for the greater interest in this 
class of complex is that while most other classes of chromium(II) compound 
only exhibit one type of magnetic behaviour throughout the series, the 
tetr ahalochromates (1 1 ) do n o t ^ .  por example, rubidium 
tetrabromochromate(II) exhibits antiferromagnetism while caesium 
tetrabromochromate(II) is ferromagnetic. An instance in which a change of 
halide ion rather than a change in the cation causes a change in magnetic 
characteristics can be found in a comparison of (NH^^CrCl^ 
(ferromagnetic) and (NH^CrBr^ (antiferromagnetic)
In 1970 Larkworthy and Trigg^ prepared several chromium(II) 
complexes. The diaquatetrahalochromates(II) were found to be magnetically 
dilute and the complexes f^CrCl^ ( M = NH^+, K+, Cs+, Rb+ ) were all found 
to be ferromagnetic. The diffuse reflectance spectra of these 
ferromagnetic complexes indicated them all to have tetragonally distorted 
octahedral structures.
Potassium tetrachlorochromate(II) was found by single-crystal X-ray 
studies^® to have an orthorhombic unit cell. However, the deviation from 
the tetragonal unit cell of the I^NiF^ type of structure is small. This 
result is supported by X-ray powder diffraction studies. I^CrCl^ was also 
assigned a tetragonally-elongated octahedral structure from an 
examination of its optical absorption spectrum.
Gregson and c o w o r k e r s ^  have used neutron powder diffraction 
techniques to study the crystal and magnetic structure of Cs2CrCl4- They
were able to index the powder pattern by assuming a tetragonal unit cell 
with space group I4/mmm and unit cell dimensions, at 294K, of a = 
5.218(1)A and c = 16.435(3)A. At all temperatures studied, the structure 
of Cs2CrCl4 consists ,of tetragonally-compressed [CrCl^]4” octahedra with, 
at 294K, Cr-Clax^a2= 2.399A and Cr-CleqU=2.609A. This is in marked 
contrast to the tetragonally-elongated octahedra assigned to I^CrCl^®. 
The ferromagnetic nature of the complex was confirmed as, even though 
there were no peaks on the diffraction pattern due purely to magnetic 
scattering, some low angle nuclear Bragg peaks had strongly superimposed 
magnetic intensity. For example, the 004 nuclear reflection increased in 
intensity more than two-fold when the temperature was reduced from 78K to 
4.2K.
Bellitto and Day-*-^  reported a new series of compounds of the type 
(RNf^^CrC^ ( R = CH3, C2H5, CgI3j5 or CjgE^i They concluded from 
magnetic and optical measurements that these complexes, like those of the 
type A2CrCl4 ( A = Cs+, Rb+ or K+ ), contained ferromagnetically coupled 
layers of chromium(II) ions. X-ray powder photographs showed that these 
compounds were isomorphous with their corresponding Mnfll)-^3-'3-^ and 
Fe(II)-*-®3,104 salts which are orthorhombic with space group Abma. They 
also reported that for R = a = 7.43A, b = 7.27A and c = 18.89A, while 
for R = C2H5 a = 7.59A, b = 7.36A and c - 21.41A. Also, neutron powder 
data for the monomethylammoniura salt could be indexed, at low temperature, 
in the .monoclinic system.
In the same year (1976) Larkworthy and Yavari3-^ also reported the 
magnetic properties of [CH3NH3 ]2CrCl4, [C2H5NH3 J2CrCl4, [enf^JCrC^r 
[dienfl^JCrCl4 and [trienl^]CrCl4.Cl. The ethylenediammonium and related 
salts also had the same ferromagnetic and optical properties as the 
alkylammonium salts and the alkali-metal tetrahalochromates(II). In 1977 
the same authors43 reported that both [CH3NH3]2CrBr4 and ^HsM^^CrBr^ 
also exhibited ferromagnetism. Of the other known tetrabromochromates(II)
only Cs2CrBr4 had shown this behaviour. The reflectance spectra of the 
alkylammonium tetrabromochromates(II) were as expected for ferromagnetic 
complexes and indicated that the structure of both these compounds 
consisted of tetragonally distorted octahedra. X-ray powder photographs
also indicated that [C2H5NH3]2CrBr4 was isomorphous with [C2HsNH3]2CuBr4. 
Further examples of chlorochromates(II) were given by Larkworthy and 
Yavari4 .^ Unlike the chlorochromates(II) mentioned earlier 
is antiferromagnetic. Bellitto and Day*06 carried out X-ray powder 
diffraction analyses and optical absorbance measurements on [NMef^^CrCl^ 
and [NEtH3]2CrCl4. According to these authors the powder photographs of 
both complexes could be indexed in space group Cmca. Further examples of 
tetrabromochromates(II) were prepared by Babar and coworkers43, as well as 
further substitutea-ammonium tetrachlorochromates(II).
As with most other chromium(II) complexes, the structures of 
tetrahalochromates(II) would be expected to be nearly isomorphous with 
their copper(II) analogues. One obvious exception to this is Cs2CrCl4. The 
structure of this complex has been noted earlier and the tetragonally 
compressed octahedral structure contrasts markedly with the tetrahedral 
[CuCl4]2- found in Cs2CuCl4107. Complexes of the type [CnH2n+ll®3} 2CrC14 
have been shown by Stead and Day-*-®® to be isomorphous with their 
copper(II) counterparts. These conclusions were based on the comparison of 
X-ray powder photographs and the space group for all the chromium(II) 
salts was given as Cmca. However, as will be seen later in this chapter, 
the space group of [C2H5UB3]2CrCl4 is, in fact, Pbca.
The crystal structure of ( K ^ ^ C u C ^  has been reported by 
Willet^-®^. This compound crystallises in the space group Cmca with unit 
cell parameters a = 15.46A, b = 7.20A, c = 7.20A. The structure consists 
of scjuare-planar [CuC14J2“ with two unique Cu-Cl bond lengths (2.30A and 
2.33A) with the normal octahedral co-ordination for each copper(II) atom
completed by two long Cu-Cl bonds with chlorines of adjacent [CuCl^]2”" 
units. The Cu-Cl-Cu bridging angles are linear (180.0(2)°).
Steadman and WillettH0 have determined the structure of
[C2H5NH3J2CuCl4 using*single-crystal data. In this case the space group is
Pbca with unit cell parameters a = 21.18A, b = 7.47A and c = 7.35A. The
structure, like that of the ammonium salt, contains square-planar
[CuCl4]2” units with Cu-Cl distances of about 2.28A with the octahedral
co-ordination of the copper(II) atom completed in the same way as for
(KH4) 2CUCI4 and a Cu-Cl distance of 2.97A. Hence, the structures of both
(NR4)2CuCl4 and [C2H5NH3]2CUCI4 consist of a two-dimensional framework of
[CuCl] units intercalated by the relevant cations. The same structure is 
h-
assigned to [G^NE^^CuC^B^*^*
Larkworthy and Yavari3®3 have shown, from a comparison of X-ray 
photographs that [dienf^CrG^.Cl is isomorphous with its corresponding 
copper(II) complex. Zaslow and Ferguson-*--*-2 as well as Greenhough and 
Ladd333 have shown the copper (II) complex to contain square-planar 
[CUCI4]2"" units ( Cu-Cl ca. 2.3A ) with, once again, the octahedral co­
ordination of the metal atom completed by a longer Cu-Cl bond between the 
copper(II) atom in the square-planar units and a chlorine from another 
unit. The sheets of [CuC^]2- units are intercalated by the [dienF^] 
units. Babar334 has shown from single-crystal X-ray studies that the 
chromium(II) analogue is isomorphous with the corresponding copper(II) 
complex.
Babar and coworkers333 have determined the structures of the sheet 
ferromagnet [H3 N(CH2 )3 NH3 3CrCl 4 ( propane-1,3-oiammonium 
tetrachlorochromate(II)) and the antiferromagnetic 2Cr^34 (
bis(dimethylammonium) tetrachlorochromate(II)). As expected for a 
ferromagnet, [H3N(CB2)3NH3 ]CrCl4 consists of two-dimensional layers of 
chlorine-bridged [CrCl4]2“ units which are separated by propane-1,3- 
diammonium cations. The bridging angle is 165.3° and the Cr-Cr separation
within the sheets is 5.22A. This is much the same as is found for 
[dienH3]CrCl4.Cl114 ( 162.3° and 5.13A).
The antiferromagnetic 2CrCl4 has a very different
structure. It consists of discrete [Cr3Cl22^~ units. The central 
chromium(II) ion in the linear arrangement found in this structure is 
bridged by three chlorine atoms to each terminal chromium atom. The 
octahedral arrangement around this atom consists of two short ( 2.4A ) and 
four long ( 2.62A ) bonds, while the co-ordination around the terminal 
chromiums consists of four short and two long bonds. Although a Jahn- 
Teller type distortion is to be expected in chromium(II) complexes, this 
occurrence of the two types of Jahn-Teller distortion in the same complex 
is thought to be unique amongst tetrahalochromates(II).
More recently, Janke333 has carried out a single-crystal neutron 
diffraction study of Pt^CrC^ which is ferromagnetic. Earlier X-ray powder 
diffraction measurements73 had indicated that this complex had the I4/mmm 
structure of the J^NiF^ which had also been noted for Cs2CrCl4. However, 
although this structure does indeed closely relate to that of K2NiF4, it 
is more closely related to that of K2CUF4337 in which, instead of having a 
slight tetragonal distortion perpendicular to the basal plane, the 
octahedral co-ordination has a strong elongation within the basal plane. 
At 300K the Cr-Cl bond lengths in the basal plane are 2.755A and 2.387A 
while the Cr-Claxj_a2 bona length is 2.413A. The space group given for 
I^CrC^ 3s Cmca which is a superlattice of the K2NiF4 structure.
A study of [CH3NH3J2CdCl4 by Moklisse33  ^ which has the layer 
structure33^'32^ that one might expect for this type of complex shows that 
at room temperature the space group of the complex is Bmab which is an 
alternatve setting of Cmca.
From all this structural information it would seem, for the 
ferromagnetic tetrahalochromates(II) at least, that one can expect a
structure in which two of the unit cell dimensions are nearly equal and 
with a high symmetry orthorhombic space group. The structures should 
consist of two-dimensional sheets in which the cations are intercalated 
and tlie octahedral co-ordination around the metal atom will probably be 
fairly distorted.
5.2: Experimental
As with all crystals of the type [RNKg^MJ^ ( R = Me, Et, etc; M = 
transition metal, X = Cl'",Br“) the tetrahalochromates(II) crystallise as 
flat, very fragile plates. Furthermore single crystals are very difficult 
to obtain and the products from most recrystallisation procedures tend to 
be aggregates. Hence, it is difficult to carry out single-crystal 
investigations of tetrahalochromates(II). However, there were three 
samples available for which it was felt that the crystals might be good 
enough to produce reasonable data. These were [CH3NH3 ]2CrEr4, 
^HgM^^CrCl^ and what was thought to be [C2H5NH3]2CrCl2Br2. Details of 
the attempted single-crystal structure determinations of these complexes 
will be given here.
5.2.1: Bis(monomethylammonium) Tetrabroraochromate(II)
Golden-brown, platey crystals of this complex were mounted into 
several Lindemann capillaries and the crystal chosen for use was one which 
showed least sign of being an aggregate when viewed under a microscope and 
also which had the sharpest extinction in polarised light.
The unit cell dimensions were calculated and refined using the 
SEARCH and SETANG options on the CAD4 system. The Niggli matrix for the 
initial cell indicated that the cell was in fact C-centred and so a 
transformation was carried out using the TRANS option on the system to 
arrive at the centred unit cell. During the data collection those 
reflections which are systematically absent due to presence of C-centering
were not collected. In all, 683 data reflections were collected of which 
461 were considered to be observed. Systematic absences indicated that 
the space group was Cmca.
A three-dimensional Patterson synthesis indicated the position of 
the chromium(II) atom and this position was used as a basis for the 
attempted determination of the structure. A three-dimensional F^ >; Fourier 
synthesis indicated what seemed to be reasonable positions for the two 
unique bromine atoms in the structure and three cycles of least-squares 
refinement reduced R to 0.28. However, a further Fourier synthesis did not 
reveal any further positions for the remaining atoms in the structure. In 
order to check if the space group determination was correct a series of 
precession X-ray photographs were taken. These revealed the crystal to 
give a very streaky diffraction pattern and this was thought to be one of 
the reasons why no further progress could be made on this structure 
determination. However, some rather more positive results to corne out of 
this attempt at the solution of the structure are that the unit cell 
parameters calculated from the SEARCH and SETANG procedure are close to 
what one would expect bearing in mind the results found for [CHgNHglCrCl^ 
by Day.3 2 3 '3 ® 3 Crystal data for bis (monomethylammonium) 
tetrabromochromate(II) can be found in Table 5.1.
5.2.2: Bis(monoethylaramonium) Tetrachlorochromate(II)
A white, platey crystal, dimensions 0.1mm X 0.1mm was mounted into 
a Lindemann glass capillary. Since crystals of this type of complex tend 
to be aggregates, apart from checking the exctinction directions with a 
polarising microscope, a preliminary X-ray rotation photograph was taken 
to see if there were any signs that the crystal was not single. The 
indications were that good quality data could be collected from this 
crystal.
The unit cell dimensions were found and refined using the normal
procedures described elsewhere in this thesis. This crystal was a fairly 
weak scatterer of Koj,-a radiation and it was decided to collect the data 
reflections as if the crystal was monoclinic. In all 2304 data reflections
were collected ((sin^/A^ax ~ 0*64). Upon merging of symmetry equivalent 
reflections 1157 were found to unique of which 506 were considered to be 
observed. Data was corrected for Lorentz, polarisation and absorption 
effects. Crystal data for this complex can be found in Table 5.2.
Although it had been thought that the structure of this complex was 
isomorphous with its copper (I I) counterpart, it was decided to try and 
determine the structure from first principles. The structure was solved 
using the heavy atom method. Examination of a three-dimensional Patterson 
synthesis allowed the location of the positions of the chromium and one 
of the chlorine atoms. The resulting FQ Fourier synthesis ellucidated the 
positions of all the non-hydrogen atoms in the structure. With all thermal 
parameters turned anisotropic R was reduced to 0.065. Hydrogen atoms were 
not generated in view of the rather short C1-C2 distance. A Cruickshank 
weighting scheme of the form:-
W =1/ ( CQ + CjFq + c2f02 + c3fg3) 
where CG = 15.7, Cj = 1.00, C2 = 0.004 and C3 = 0.00 was applied and the 
final value of R was 0.057.
Before discussing the results and structure derived from the 
analysis of bis(monoethylammonium)tetrachlorochromate(II) there are two 
problems which need to be clarified. The first is the question of the 
space group. It was stated earlier in this chapter that Bellitto and 
Dayl06 ha(3 indexed X-ray powder photographs of both [CH3NH3 ]2CrCl4 and 
[C2H5NH3]2CrCl4 using the space group Cmca. The space group found in this 
determination is Pbca. Initially it was thought that the space group of 
this complex was centered as the Niggli matrix had indicated this. After 
transformation of the cell to the centered form the reflection data was 
collected including those reflections for which h + k = 2n + 1 ( i.e.
those reflections which should have been systematically absent due to C-
centering). Close examination of these reflections showed that the only 
“systematic absence" was of the form hkl; h = 2n + 1 (k + 1 = 2n + 1)
which is probably du'e to the effects of pseudo symmetry. The systematic
absences in the data were:- 0kl, k = 2n + 1? h01, 1 = 2n + 1; hkS, h = 2n
+ 1 indicating that the space group is Pbca, the same as found for
[C2e5^33]2CuCl41 1 0 .
An examination of the bond lengths in the ethylammonium cation (see 
Table 5.5) shows that the bond lengths are not within the expected range 
for N-C and C-C. This was also noted for the cation in [C2H5NH3 ] 2CUCI4. 
Willet^-*-® attributed this to a two-fold disorder in the position of Cl 
and a four-fold disorder in C2. However, in the case of the 
tetrachlorochromate(II) a difference map phased on the chromium, chlorine 
and nitrogen positions did not give any indication of disorder. The only 
peak which may have been due to disorder had a density of only 0.5 
electrons/A3. This same peak occurs in [C2H5KH3]2CrClxBr4_x. It should be 
noted however that the disorder noted by Willett may be the cause of the 
very high temperature factors observed for Cl and C2 (see Table 5.4).
5.2.3: [C2H5NH3]2CrClxBr4_x
Like [C2H3KH3] 2CrCl4, this complex crystallises as very fragile 
plates, and generally as aggregates. An X-ray photograph of the sample 
chosen showed that, although the reflections would be slightly broader 
than would be ideal, it would be possible to collect an adequate set of 
data for this complex.
The unit cell parameters (see Table 5.3) were determined in the 
same way as for the "straight" chloride. Here also, the Niggli matrix 
indicated that the unit cell was C-centred. However, bearing in mind the 
result of the space group determination for bis(monoethylammonium) 
tetrachlorochromate(II) the data collected for this compound included
those reflections which should have been absent due to C-centering. Like
[C2H5NH3 ]2CrCl4r for lower angle data, the absences on hkl were not 
systematic, and, once again, the space group was deduced to be Pbca. This
f
is a reasonable result in view of the space groups found for the 
corresponding copper (I I) and chromium (II) halides.
As with the analogous chromium(II) chloride the reflection data was 
collected as if the crystal system were monoclinic in the hope that the 
merging of symmetry equivalent reflections would produce a better estimate 
of the intensities used for the structure determination. In total 2734 
reflections were collected of which 1326 were unique and 526 were 
considered to be observed. Initially the data was corrected only for 
Lorentz, polarisation and crystal decay effects.
Assuming that [C2H5NH3 ]2CrClxBr4_K is isomorphous with 
[C2B5NH3 ]2CrCl4 , the final positions from the latter structure 
determination were used as a starting point for the solution of the 
structure of the mixed halide. Assigning one halide position as chlorine 
and one as bromine and coupling this with three cycles of least-squares 
refinement (all thermal parameters isotropic) reduced JR to 0.19. In order 
to find in which position the bromine substitutes for chlorine (or vice 
versa) a three-dimensional difference Fourier map was calculated. An 
examination of this map showed a negative difference density at both 
halide positions. This did not make crystallographic or chemical sense.
It was thought that this anomaly may have been due to absorption 
effects (c.f. ternary halides) so, as no psi data were available, an 
attempt was made to apply an absorption correction using the DIFABS-*-22 
program. Having done this, using the same positions as for the initial map 
(£ = 0.13 with the absorption correction), another difference map was 
calculated. This time there was very little difference density at the 
chlorine position but a very large ammount of negative difference density
at the bromine position. This indicated that there was either no bromine 
in the system or there was, in some unit cells, chlorine at the position 
assigned to bromine. In order to determine the "correct" situation both 
halide positions were, assigned as chlorine and the position at which there 
was negative density on the difference map was assigned a fixed 
temperature factor (B = 3.60A2) and its occupancy was refined. This 
reduced R to 0.12. Fixing the new occupancy factor and assigning 
anisotropic thermal parameters reduced B. to 0.079. Unit weights were used 
throughout the refinement procedure.
5.3: Results and Discussion
As can be seen from Figure 5.1 the structures of both 
[C2H5NH3]2CrCl4 and [C2H5NH3]2CrC1xBr4-x are as expected from the 
structures of both [C 2 H5 NH3 ] 2 CuCl4 and Rb2CrCl4. Both the 
tetrahalochromates(II) have structures which consist of [CrX^]^- units (X 
= halide ion) and the octahedral co-ordination is completed by the action 
of a halide ion from an adjacent [CrX^]^” unit as a bridging atom. This 
results in a two-dimensional sheet structure which is the hallmark of 
ferromagnetic tetrahalochromates(II). Like Rb2CrCl4 the structures of the 
complexes examined here more closely resemble the structure of i^CuF^*^ 
than that of ^NiF^ in that the tetragonal distortion of the CrXg 
octahedra is not perpendicular to the basal plane (as also found in 
Cs2CrCl4^) but is within the basal plane. As can be seen from Figure 5.1, 
for the "straight" chloride the bond lengths (Table 5.6) in the basal 
plane are 2.385(4)A and 2.820(4)A while perpendicular to the basal plane 
the Cr-Cl bond length is 2.451 (4)A. The same type of situation occurs in 
the mixed halide except the bond lengths are now (see Table 5.7) 2.425(2)A 
and 2.910(2)A within the basal plane and 2.492(1)A perpendicular to it.
As in [C2H5NH3] 2CUCI4, the terminal NH3 group of the ethylammonium 
cations are situated in the "pocket" formed between adjacent [CrX4]2"
H-
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units. In the mixed halide a Xl-M distance of 3.45A is indicative of the 
presence of a rather weak hydrogen bond as does a Cll-Nl distance of 
3.34A. For [C2H5NH3]2CrCl4 Cll-Nl and C12-N2 distances of 3.32A and 3.50A 
respectively also indicate the presence of these hydrogen bonds.
In both cases the bridging atom is a chlorine and bridging angles 
of 168.9(4)° ([EtNH3] 2CrCl4) ana 170.4(1)° ([EtNH3 ]2CrClxBr3_x are 
similar. Both these angles are slightly more linear than found in 
[H3N(CH2)3NH3]CrCl4115 (165.3°) ana [dienH3 ]CrCl4 (162.3°). This may be 
due to the smaller cation in the ethylammonium salts. Chromium-chromium 
distances of 5.25A (chloride) and 5.32A (mixed halide) are much the same 
as for the two complexes mentioned above (5.22A and 5.13A).
One more result that is probably worth commenting on is the non­
integral nature of the formula unit of the mixed halide. As bromine only 
substitutes for chlorine in one of the halide positions this means that 
any given unit cell can then contain one (or more) of the following 
entities:-
CrCl4
CrCl3Br
CrCl2Br2
The two-dimensional nature of the sheet structure of this type of complex 
means that the packing requirements are not all that stringent and that 
the substitution of one halide atom for another in any given unit cell can
be easily coped with.' Figure 5.2 shows what could be a typical situation.
NH3
Final atomic parameters for 2CrCl4 can be found in Table 5.4, while
those for [C2B5|2^rd x Br4-x are shov;n in Table 5.5.
Table 5.1: Crystal Data For Bis(monomethylammonium)tetrabroinochroniate(II)
Molecular Formula 
Bt
Crytal System 
Space Group 
a 
12 
c
^calc
Z
^calc
U(Mok^ )
F(000)
[N2C2Hi2][CrBr4] 
435.74
Orthorhanbic 
Cmca (64) 
7.665(2)A 
19.393(6)A 
7.829(2)A 
1163.8(9)A3 
4
2.49 gem-3 
137.6 cm”1 
816
Table 5.2: Crystal Data For Bis(monoethylairmonium)tetrachlorochrcrnate(II)
Molecular Formula 
H r
Crystal System 
Space Group 
a
h
c
^c
Z
A^alc
°(Mok0<)
F(000)
[N2C4Hi6J [CrCl4J 
286.04
Orthorhombic 
Pbca (61) 
7.357 (2)A 
21.53(4)A 
7.479(6)A 
1182(2) A3 
4
1.61 gem”3 
18.08 cm”1 
584
Table 5.3: Crystal Data For [C2H5NH3]2CrClxBr4_x
Molecular Formula [N2C4H10^[CrClxBr4_
*Mr • 330.45
Crystal System Orthorhonbic
Space Group Pbca (61)
SL 7.425(4) A
fa 21.914(9)A
£ 7.786(5)A
1239(3)A3
Z 4
Dcalc 1.77 gem °
*U(Mok^) 47.08 cm-1
*F(000) 656
* Assuming a 3:1 ratio of chlorine to bromine
ATT
Table 5.4(a): Final Atomic Positions For [G^NE^^CrGlg
(e.s.d's in parentheses)
Atom x y z.
Cr 0.000 0.000 0.000
C12 0.0074(5) 0.1098(1) 0.0417(4)
Cll 0.2343(3) -0.0120(1) 0.2303(3)
N1 0.503(2) 0.4011(4) 0.517(1)
Cl -0.017(4) 0.1605(7) 0.549(3)
C2 0.441(4) 0.293(1) 0.528(4)
Table 5.4(b): Final Thermal Parameters For [GjHgM^^CrCl^ 
(e.s.d's in parentheses)
Atom ”ll ”22 ”33 to ”l3 ”23
Cr 0.024(1) 0.031(1) 0.021(1) -0 .002(1) -0.0043(9) -0.0006(8)
C12 0.078(2) 0.032(1) 0.040(1) -0.003(2) -0.009(2) 0 .000(1)
Cll 0.037(1) 0.063(2) 0.043(1) -0.009(2) 0.003(1) 0.002(1)
N1 0.056(5) 0.042(5) 0.043(5) 0.006(5) -0.005(5) 0.014(4)
Cl 0.18(2) 0.034(6) 0.11(1) 0.02(1) 0.05(1) -0.009(8)
C2 0.15(2) 0.07(1) 0.26(3) -0 .0 1(1) 0.08(2) -0 .0 2 (1)
Table 5.5(a): Final Atomic Positions For
(e.s.d's in parentheses)
Atom £ y Z.
Cr 0.000 0.000 0.000
Brl(Xl) 0.0061(6) 0.1130(1) 0.0358(4)
Cll 0.2248(4) -0.0101(2) 0.2259(5)
ML 0.500(4) 0.4083(5) 0.512(2)
Cl 0.013(6) 0.166(2) 0.554(4)
C2 0.035(7) 0.206(1) 0.463(4)
Table 5.5(b): Final Thermal Parameters For [(y^NHj^CrCljjBr^x
(e.s.d's in parentheses)
Atom U11 u22 u33 u12 u13 u23
Cr 0.034(2) 0.048(2) 0.040(2) 0.004(3) -0.005(2) 0.001(2)
Brl (XI) 0.069(2) 0.035(1) 0.055(1) -0.003(2) -0.005(2) -0.003(1)
C12 0.025(1) 0.078(3) 0.035(2) -0 .000(2) -0.007(2) 0.002(2)
ML 0.064(8) 0.034(6) 0.074(8) 0 .00(1) -0.003(9) -0.004(7)
a 0.16(2) 0.19(3) 0.10(2) 0.01(4) -0.05(3) 0.05(2)
C2 0.23(3) 0.10(2) 0.15(2) -0.02(3) 0.09(3) 0 .0 2(2)
Table 5.6: Bond Lengths(fi) and Bond fingles(°) For ^HjNf^^CrC^
(e.s.d's in parentheses)
Atom Bond Length Bond finale
Cr-Cll 2.451(4)
Cr-Cll" 2.820(4)
Cr-C12 2.385(4)
Cll-Cr-Cll' 180.0
C12-Cr-Cll 89.8(2)
C12-Cr-Cll1' 90.7(2)
Cr-Cll''-Cr' 168.9(4)
Cr —  Cr 5.252
Nl-Cl 1.42(3)
C1-C2 1.21(5)
ML-C1-C2 130.0(4)
Table 5.7: Bond Lengths (A) and Bond Angles(°) for ^^M^^CrClxBr^j,
(e.s.d's in Parentheses)
Atom Bond. Length Bond Angle
Cr-Brl(Xl) 2.492(1)
Cr-Cll 2.425(2)
Cr-Cll" 2.910(2)
Cll-Cr-Cll' 180.0
BR1(XI)-Cr-Cll 90.04(8)
Brl (XI)-Cr-Cll" 89.96(8)
Cr-Cll''-Cr1 170.4(1)
Cr --  Cr' 5.320
ML-C1 1.62(1)
C1-C2 1.11(2)
N1-C1-C2 123.2(2)
Chapter Six: A NEUTRON POWDER DIFFRACTION STUDY
6.1 Introduction
As has been stated in the previous chapter, one of the major
<
difficulties in the single-crystal X-ray analysis of 
tetrahalochromates(II) is that these complexes crystallise, in general, as 
aggregates. Although it is possible to collect single-crystal data from 
twinned or a g g r e g a t e d - ^ 3 , 8 4  cryStals, it was thought that the degree of 
aggregation in the samples available was too severe for this sort of 
procedure to be used.
However, one way around this problem would be to use X-ray or 
neutron powder diffraction methods as these would obviate the need for 
single crystals. There are, however, intrinsic problems with the use of 
powder diffraction analysis and these will be dealt with here.
6.1.2 Pcwder Methods in Crystallography
As the basic theory of powder diffraction is well known, it would 
seem more pertinent in this section to discuss the difficulties which 
arise from the use of powder methods.
Single-crystal analysis for structure determinations has a distinct 
advantage over powder methods in that before data collection one generally 
knows unambiguously, either from photographic or automatic methods, the 
unit cell dimensions of the sample in question. Using this one can then 
assign to each reflection its correct Miller indices and, knowing the 
space group of the unit cell (or at least the crystal system to which it 
belongs) one can collect only the reflections one needs for structure 
determination. Armed with this knowledge one can then set about collecting 
the intensity of each reflection with reasonable accuracy.
For a powder sample from an unknown structure none of the above is 
true. Not only does one not know the unit cell parameters of the structure 
but the powder pattern of the sample is extremely likely to consist of a 
series of overlapping peaks each of which have contributions from more
than one Bragg reflection. Hence there are two main problems in structure
determination via powder methods. The first and most fundamental is how to 
find the unit cell and hence index the pattern. The second is, once the
pattern has been indexed how to decide which reflections contribute to 
which peak.
A possible solution to the first problem lies in the field of 
powder indexing while the second can be tackled using line profile 
analysis or total profile-fitting techniques.
1O A6.1.2(a) Powder Indexing *
The two most important aspects of data collection for powder 
indexing methods are calibration and resolution. If the calibration of the 
pattern is not correct then it is possible that the wrong cell may be 
calculated. The calibration corrections can usually be collected together 
into one term, the zero error. If this is greater than about 0.02° of 29 
then it is likely that the pattern will be indexed incorrectly. The 
resolution must be better than 0.25° of 20.
Once data of the correct quality has been collected one can attempt 
to index the pattern using one of several methods. These are zone- 
indexing, a two-dimensional grid search, index permutation and the method 
of successive dichotomy.
A lattice can be described in terms of lattice constants and in the 
methods of powder indexing it is simpler to transform the observed d— 
spacing data to Q^i= 1/^hkl* T^ s results in the reciprocal cell in its 
quadratic form.
h^kl^ 'U) = + k2Qg + + ^ IQd + + hkQF
where;
Qfl= a*2r Qb= b*2, Qc= c*2f Qd= 2b*c*cos«<.*, QE= 2a*c*cosyS*, Qp= 2a*b*cos&* 
For systems of cubic symmetry, this calculation becomes almost trivial and
indexing of the pattern can be carried out by hand. This can also be done, 
with slightly more difficulty, for hexagonal and tetragonal systems. 
However, Shirley124 has shown that for a tridinic cell (which has six 
unknown parameters) with the following powder constants
0^/ QB' Qc 0 to 995 QU
Qe, Qe = 0 to 995 QU
QF = -995 to 995 QU
assuming a time of 3ms for the testing of each trial cell, the time needed 
to completely test all trial cells would be 12000 yearsl Clearly one must 
find a way to restrict this time. One of the methods used to simplify the
problem is the introduction of powder zones. A powder zone, a central zone
in reciprocal space, is a plane of reciprocal lattice points which pass 
through the origin. The lines belonging to any one zone need only three 
parameters to define them. For example,
Qhk0= h2$A + ^ 2Qb + hkQF*
The zone-indexing method of powder indexing seeks trial zones of the
above form. It pairs low-angle lines to get trial values for and QB.
For each Q0bs trial indices hk0 are given and a tentative value of Qp is
calculated.
Qp= (Qhk0 ~ l A f e -  k2QB)/hk
The most frequent values of Qp are saved and the zones are refined and 
sorted. A zone of the type is then paired with a zone which has been
renamed (say) Qh0l* This results in values for Qq, Qq, Qe and Qp. 
Trial indices are then assigned to the new Q^jq and QD is calculated.
Op- (Qhkl- h2QA“ r2Qb“ i2Qc" hlOp— hkQp)/kl 
The most frequent values of QD are then saved. Zone indexing was 
the method used in the study carried out here. Details of other methods 
used in powder indexing are given by Shirley1^4.
6.1.2(b) Rietveld Refinement Techniques
Once the powder pattern has been indexed satisfactorily, the next 
problem in the powder diffraction analysis of an unknown structure is how 
to describe the overlapping lines in the powder profile.
With line profile analysis the emphasis is on treating lines, or 
groups of lines, with the aim of extracting the positions and intensities 
of the individual reflections. In the Rietveld technique the crystal 
structure is refined to fit directly the complete diffraction pattern. 
This method has found considerable use in the field of structure 
refinement in recent years as can be seen from a review by Rewat12 .^ The 
method of refinement was first proposed as a tool for use in the 
refinement of nuclear and magnetic structures by R i e t v e l d . 1 ^
A difficulty that arises for X-ray and neutron powder profiles is 
how one should describe the line (or peak) shape. For X-ray patterns this 
can be quite complicated but the peak shape found by Rietveld for neutron 
powder patterns was almost exactly Gaussian. The process of profile 
(Rietveld) refinement is as follows.
Assuming that the shape of a neutron Bragg peak is Gaussian one can 
write its contribution to the total measured profile as
Vi= tSk2jkLk.2[ln2]1/2/Hk[^]l/2.exp[-41n2((20i- 20K)/Hk)2] (1)
where
t = step-width of counter
Sj,= the sum of the nuclear and magnetic contributions to the peak
j^= the multiplicity of the reflection
Lj,= the Lorentz factor
Hj.= the half-width of the peak
20 the calculated position of the Bragg reflection corrected for zero 
error.
This equation assumes that no correction has been made for 
asymmetry.The expression for the angular dependance for the half-width of 
a peak is as follows.
Hk2= Utan2^  + Vtan0k + W (2)
U, V and W are half-width parameters which take into account such effects 
as peak broadening due to particle size.
One can write equation (1) in the following way.
Yi= wi,ksk2 (3)
where
wifk= tSkLk.2[ln2]1/2/Kk[tf]V2.exp[-41n2((20;r 20k)/Hk)2] (4)
Hence, if more than one Bragg peak contributes to the profile intensity 
then y^ becomes
i’i= E»i,ksk2 (5)
As
Sk2= (Fk2+ Jk2).exp[-2Qsin2dK/^2] (6)
Q = overall isotropic temperature factor 
Fk= nuclear structure factor 
Jk= magnetic structure factor 
then by minimising M where,
M = Ev^[S^2 (obs) - l/c.S^2 (calc) ]2 (7)
one can then refine the following quantities 
U,V,W Half-width parameters 
Z zero point error
A,B,C,D,E,F where l/d2= Ah2 + Bk2 + Cl2 + Dkl + Ehl + Fhk 
c overall scale factor
Q overall temperature factor
,Yi, fractional co-ordinates
individual isotropic temperature factor 
nj_ occupation factor
Thus, using the Rietveld technique one can refine all the relevant 
structural parameters.
6.2 Experimental
The complex examined during this work was a finely powdered sample 
of Cs2CrEr4« It was thought that the X-ray powder diffractometers 
available would not produce data of a high enough resolution for powder 
indexing to be successful. This assumption was based upon attempts to 
collect high enough quality X-ray powder data for a sample of 
[CH3NH3 ]2CuBr4« It was found that the resolution of the pattern was not 
quite 0.25° of 26 (as recommended by Shirley124'12^f128) an<3 was 
decided to look for other methods to collect high quality data for 
Cs2CrBr4.
From previous work on Cs2CrCl4^5 and Rb2CrCl4116 it was thought 
that the volume of the unit cell of Cs2CrBr4 would be less than 1000A2 and 
it was decided to apply for beam-time on the D1A neutron powder 
diffractometer at the Institut Laue-Langevin, Grenoble, France. This was 
granted. The DIA12  ^was chosen for several reasons, not least because it 
was designed for the profile refinement of structures with unit cell 
volumes of up to 1000A2. The major feature of the D1A diffractometer is a 
bank of high pressure He2 detectors which improve the counting statistics 
with some profiles being the results from 10 counters.
Approximately 3cm2 of Cs2CrBr4 was loaded, in an inert atmosphere, 
into a titanium cylinder. To ensure that no air was allowed into to the 
sample tube an indium seal was used. A cadmium "skirt" was fitted to the 
sample holder and, as this metal absorbs neutrons, this enabled polaroid 
photographs to be taken to ensure the sample was properly centred in the 
incident neutron beam. The wave length of neutrons used in the experiment 
was chosen at 1.909A as this seemed to strike a reasonable balance between 
resolution and intensity. The wavelength was selected by the rotation of a 
germanium monochromator so that the 115 plane was in position to diffract 
the incident "white" neutron beam.
The neutron powder data was collected from 29 - 6.0° to 26 - 160° 
at four different temperatures (4K, 70K, 90K and room temperature) to see 
if any phase transition occurred. Examination of Figures 6.1 and 6.2 will 
show that there would seem to be no phase transition between room 
temperature and 4K. The only change in the powder patterns seems to be 
that the profile is more intense at 4K - presumably because of the 
increased thermal vibrations at room temperature. As there was no evidence 
of any phase transition at room temperature it was decided to attempt to 
determine the structure of Cs2CrBr4 at
Initial attempts to index the powder pattern were made using the 
FZON121 computer program installed on a PRIKE758 computer. The positions 
of the first 20 powder peaks ((26)max= 82.25°) were measured using a 
cursor on a Tetronix terminal using the POWDER program developed by 
Hewat12®. This program was also used to sum the intensity information from 
the bank of Mylar counters. The results of the FZON program produced three 
unit cells, all of which resulted in the first 20 lines of the pattern 
being indexed (see Table 6.1). Cells number 2 and 3 were rejected almost 
straight'away ap the volume of these cells were much larger than the 
volume that was expected bearing in mind results from Cs2CrCl4^  and 
Rb2CrCl£11 .^ Also the figure of merit for both these cells was somewhat 
lower than for cell number 1. Initially it was thought that the cell 
chosen may have been tetragonal with cell dimensions a = 8.178A and c = 
17.051A. However, if the cell was to be tetragonal it was thought that the 
structure of Cs2CrBr4 would be that typified by K2NiF4 (see Figure 6.3). 
This would have lead to Cr-Br bond lengths in the basal plane which were 
far too long and so it was decided to use the unit cell as given by FZON. 
Janke116 had shown that the space group for Rb2crCl4 was Cmca and, as this 
was also the space group found for [CH3NH3 ] 2CrBr4 (see chapter 5) it was 
decided to use Cmca as the space group of the unit cell for Cs2CrBr4.
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Fig 6.3: The K^NiF^ Structure
Once the unit cell and space group had been decided upon the next
step in the analysis of the powder pattern of Cs2CrBr4 was to calculate 
the set of reflections which could contribute to the overall profile. This 
was accomplished using the computer program KDRREF^^2e This program 
produces a set of reflections with
^ i n "1 (^ sin.Gfljgjj.)
and
(’*max=X/(2sin0mj_n).
This results in a set of reflections for which
^max~ ta/%in^
^max= [b/dj-ninl 
^max= tc/^min3-
By specifying the space group of the unit cell in question 
reflections which are systematically absent due to space group symmetry 
can be eliminated from the list. The multiplicity of each reflection is 
calculated from a knowledge of the Laue diffraction symmetry.
In order to facilitate the total pattern-fitting procedure the next 
step is to indicate which parts of the profile contain contributions from 
Bragg reflections. To do this one has to specify the background level at 
various points in the profile along with the half-width parameters and the 
zero error. The background levels were found by plotting background 
against 20;(see Figure 6.4), while trial parameters of U = 1469.0, V = - 
4031.0 and W = 5000.0 were given for the half-width. A trial zero error of 
0.1° of 20 was also specified. The program usee in this part of the 
analysis was PROFPREP.^®
6.3 Results and Discussion
The very nature of the Rietveld technique means that before one can 
start the profile fitting and refinement procedure one needs to propose a 
model for the structure. This does not mean that one cannot apply Fourier
7Fig 6. A: A Plot of Background Count vs 20 for Cs^CrBr^ at AK
JLOU
Fig 6/6: The Transformation of a C-centred Orthorhombic Unit 
C$11 to a Body-centred Tetragonal one
techniques using this procedure as neutron diffraction techniques are 
often used for the accurate placement of hydrogen atoms. However, as these 
techniques were not available, the only option was to try and propose a 
model for the structure which was close enough to the true structure to 
allow a reasonable refinement to take place. The program used throughout 
the refinement procedure was PROFREF*^
Assuming that, like the other tetrahalochromates(II) known, 
CS2CrBr4 would have a two-dimensional sheet structure, the model shown in 
Figure 6.5 was proposed. The chromium atom was positioned at the origin of 
the cell and one set of bromine atoms (Brl) were situated at 1/4, 0.03, 
1/4. The other set of symmetry unique bromine atoms (Br2) were situated at 
0, G.15, 0.03. This proposed structure would have resulted in the a Cr-Brl 
distance of 2.10A and a Cr-Br2 distance of 2.56A. Apart from allowing for 
the two-dimensional nature of the structure this model also allows for the 
operation of a Jahn-teller effect. The caesium atom was placed at 0, 0.35, 
0.03.
Refinement of this model indicated that it was not correct. 
Although -most of the parameters (i.e. atomic co-ordinates, unit cell 
parameters, half-width parameters and zero point error) refined to 
reasonable values, the individual isotropic temperature factors, 
especially that for the chromium atom, refined to values which would have 
been considered far too high even for the structure at room temperature.
A second model in the same space group was proposed, this time with 
the chromium atom situated at 1.2, 0, 0. No reasonable results could be 
obtained from this.
Figure 6.6 shows that it is possible to transform a C-centred 
orthorhombic cell with a = c to a body-centred tetragonal cell. As the 
space group of Cs2CrCl4 is I4/mmm^ it was decided to propose a final 
model of the structure of Cs2CrBr4 in the space group I4/mmm. The unit
cell parameters of the transformed cell are
a = b = 5.778A, c = 17.051A.
Allowing for the larger unit cell volume required for the accomodation of
bromine rather than a chlorine atom, it would seem that, if the above
cell is used, the Cs2CrBr4 will be isomorphous with Cs2CrCl4 (i.e. it will
also have the f<2NiF4 structure).
An examination of Table 6.2 shows that this model did not refine
properly either. Once again it is the individual temperature factors which
have (in some cases) physically impossible values. Why this should be is
hard to say. Perhaps the unit cell is not correct or the space group used
or the model of the structure are not quite right. However, bearing in
mind results from Ift^CrCl^*^ and Cs2CrCl4^S ^  bought that all three 
of these cannot be too far from the true situation. One possible reason
for the failure of any of the models proposed to refine reasonably may
be that there are large ammounts of impurity in the sample used.
Table 6,1: Unit Cells Derived From The FZON Pcwder Indexing Program
a(A) b(A) c(A) *1*1 Pl®L y-(°) FOM*
1 8.178 17.051 8.173 90.00 90.00 90.00 12.2
2 16.351 17.033 8.180 90.00 90.00 90.00 8.1
3 16.349 17.030 8.181 90.00 90.00 90.00 7.5
* FOM = Q (obs)/(2*MEANDIFF*NCALC) 
NCALC = Number of lines generated
MEANDIFF = Q(obs)"^(calc)/^(obs)
Table 6.2: Refined Values For Cs2CrBr4 (e.s.d's in parenetheses)
(a) Unit Cell Parameters
i
a(A) = b(A) = 5.7818(6) 
c(A) = 17.031(2)
V(A3) = 569.3(1)
(b) Atonic Co-ordinates
Atom
Cr
Brl
Br2
Csl
x
0.000
0.000
0.000
0.500
y
0.000
0.500
0.000
0.500
z
0.000
0.000
0.1223(4)
0.129(2)
B(iso)
-0.5(3)
0.8(2)
-3.9(1)
3.5(4)
(c) Half-Width Parameters(hundreths of a degree)
U = 3768.0(458.0) V = -6945.8(1136.4) W = 4381.7(711.6)
(a) Zeropoint(hundreths of a degree)
Z = -5.47(1.37)
(e) R-Values 
R2 = 46.23
Rp = 54.06 
%  = 36.47 
R^ j = 46.23
Chapter Seven: CONCLUSIONS
7.1 Conclusions and Suggestions for Further Work
The results of the structure determinations detailed in this thesis 
have, for the most part, confirmed structural assignments inferred from 
previous magnetic, spectroscopic and X-ray powder diffraction 
measurements. For those complexes for which previous measurements had been 
of little use in the assignment .of structures, the single-crystal 
investigations carried out during this work have removed any ambiguity as 
to the nature of their crystal structures.
The reasons why some complexes are magnetically dilute are clear. 
The structures of these complexes are such that there is no mechanism by 
which adjacent chromium (II) ions can interact.
The reasons why other complexes are magnetically concentrated are 
equally clear. In these complexes adjacent paramagnetic chromium(II) ions 
are allowed to interact via either the mechanism of "superexchange" or 
direct overlap of the metal orbitals or a combination of both mechanisms.
For those complexes in which the antiferromagnetic interaction 
may be due to a combination of both '‘superexchange" and direct overlap of 
the metal orbitals (i.e. the ternary halides and, more particularly, 
Cr(tu)2 (NCS)2) it would be useful to carry out magnetic measurements on 
single-crystals to see how much of the total interaction is due to each 
mechanism.
There are several other questions which need to be investigated. 
For example, several diaquatetrahalochromates(II) in which the cation has 
approximately the same Van der Waals volume as pyridinium could be 
prepared to see if any other complexes of this type exhibit the unusual 
structure found for (CrBr2 (QH2)2)»2(Hpy)Br.
It is also worth investigating the conditions under which the 
blue form of [Bu^N^CrfNCS^ would be formed in preference to the red form 
of the same complex.
One of the original aims of this work had been to compare 
structural parameters in antiferromagnetic tetrahalochromates(II) with 
those in ferromagnetic tetrahalochroraates(II) to see if one could discern 
why seemingly similar complexes have different magnetic interactions. 
However, it will be noted that only two tetrahalochromates(II) have been 
studied in this work. The main reason for this is the fact that, as has 
been already noted, tetrahalochrcmates(II) tend to crystallise as 
aggregates. Hence it would seem that the largest area for futher work in 
the field of tetrahalochrornates(II) is in the area of recrystallisation. 
Bellitto and D a y ^  have grown large single crystals of 
bis(benzylammonium)tetrachlorochromate(II) using a computerised water bath 
to control the rate of recrystallisation. It is this sort of work that 
could usefully be developed.
Coupled with this it will be useful to further investigate methods 
of structure determination of tetrahalochromates(II) other than single­
crystal X-ray analysis. The obvious course here is a greater use of X-ray 
powder diffraction techniques, mainly because these are more readily 
available than those for neutron powder diffraction. However, if X-ray 
powder diffraction techniques are to be of any use new methods of mounting 
X-ray powder samples need, to be developed. Although samples can be 
prepared in a dry-box, the main problem here is to prevent aerial 
oxidation of the sample. During X-ray powder diffraction experiments 
carried out in this work this was done by wrapping the sample-holder in 
cellophane, which seemed to work reasonably well.
A problem of almost equal significance is to make sure the powder 
sample is packed down uniformly.
It will also be noted that for some complexes, notably the blue 
form of [BU4N] 2^r (NCS) 4r that there are a very high proportion of 
unobserved reflections in the data. In most cases this does not cause 
problems. For those structure determinations which have been adversly
affected by this problem it may be worth collecting the data at a lower 
temperature as this should increase the number of observed reflections in 
the data.
APPENDIX A: OBSERVED AND CALCULATED STRUCTURE
FACTOR TABLES
GUANIDINIUM TETRABROMOCHROMATE(II) 
DIACETIC ACID
   - , ■  - ■ >«
i r I I I I I I I I I I I I
111
CD<ro «frm'0O‘.o0Ococv}CNNOoO'OCMOO5NO'<Ncoo^ in>coino'N*fir)C'i'3-^ iriO'(v:«
Q» Ll CM ••■■« »-i CM t-i *-« CM CM »-« t-« OMCM t-4 0  CO CM'tf’ »h »h CM (\|»-»»-«
0  ^COOOCO'fr’-'CM^ lft^ CMO^ NCO<*UD<»NOh.>Oirj<tCO(N’-iO»-<CMCO<*'0O‘. 
CM hH
M  NNNCOCOOOO.O''O.0OO0NNNNNNNN'O'O<M5M5<«'£»<ib'5b‘5lDb5lDini/5
I'ONNNNNN'O'O'O'OO'O'O'O'O'O'C1 'O'O'OO'O'O'O'J&'O'O'O'O'O'O'O'O'O'O 
I I I I I  I I  I I I  I I I  I I 11 I I I I  I I I I I I I I I I
ONCM OCMCOO'iO'O^f’*-* 05 O N  <f ID CM<* I/O O  O N  -0 CO ON<fr «* CO O5OM0 UONOCM'O 
U. I Q5«l-CM*-« I CM*-«t-i0t-hh*J-CM CM 05 *0 0  10CM»-«CMOMCMCMCOOMCMCM'tf’ t * *-*y*
>11 I I I  I I I I  I I I  I I I  I I  I I I  I I I
o •-«co>oiio*-«ov.rjino0 0 0 .o N0b5n t-»cd0 <1^ 0 0 **- <*id0 cmn nudo.^n
ZLlUOOO ^ C M ^ t*  ^ ht-i^CO TH»-«t CM CM*3-0 <> 0*t*CM y* CM thOMCM COCM CM CM <fr ^  y* y*y* s  *-i 
— I
i-l
~ 0  ^C M C O ^ID O ^O ^C 35N O in^C M ^O O ^^'inN O O ‘.QjNOin«<tC5CMC(:««ONO^N 
CM N  ■*-• y*
CL y*
(M CMCMCMCM CMCM00 CO COCO 0 0 0 0 « *  «*«3- <* 10 101010 I/O 101010 <><•<><) O N
O
r:
O X O N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N  
OC I I I  I M  I I I  I I  I I  M  I I  I I I I I  I I I I I I I I I I I 
ffi<E rM
DC
h
L/JONO 0 0 ^ 0 0 1 0 0 0 .  N O -N  O N N 10 O  CM O  *-< *0 CM 00 CM ^  O  ■•-« 1010ID O>0O50 
I—Ll  *h CM*^CO» ’^H'^'OCM I t* 0 . - i CM ■»-<*-« •*-4'Ot-iO 0 *3 ”»~«<3-IOt-h3’O5CM'O CM
i l l  I I I I I I I I I I I I I I I I I I
E
_J
•-<0 lO CO OC' N  O't  to OS O  0  CM N  0  O <t CO 1/0 00 h  O  CM 0  <3- N  CM b5 <> O *? <? ^  (MO *h CM 
2  Ll.'Ot-i CM ■»-« CO CM th th >00 t-iO I0t-* OM’-i.H.r-i b“,TH<j0«3-»-!*3"in ■»-i00CM'OCMT_''Ob"5tD
*—I v-l
G  I
H
2 0  0  >0 U5 <3- 0  *-« O  t*  CM 0  «t bD <f 00 O  0 0 5  >0 CM O  CO bO NO-'-<ONM5b‘5 '3-0 CM ^
Oi »—i■»—i H r t
—I y*
CO x  (MCMCMCil(MC'|Hir(HTHHH **m h h Q O  O O O O O O O O  G O  h h  h  in h t h h h
£ E X O '0 0 0 0 0 0 0 0 0 O 5 0 0 0 0 0 0 0 0 0 O 5 C O N N N N N N N N N N N N N N  
O  I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I ( I  
IL
CM
0)
OC
O  O  0  y* *t y  0 O  O  O- CO N  0> CO1<3- <3- bD10 b5 M5 00 0  0-.*3" N  O  CM*3- 05M5 O’CN CM *3* 0  O'- CO 
h-LL I 0  CM CM t*  CM 0 -«-< t-< t-i ,-i 0  -r-i tm CM CO CM 0  t-i CM >~i 0  CM CM yf th CO CM •»» «3- CM CM th -^4 CM 
CO 1 I I I I I  I I | | |
<x
Ll
O  O  M ’hNC'I O  DON CO t-» CM 0  <* CO CO ID <3-00^0 <3- bD 0-CO <3- <> <t CM O  t*  <3- 0  O'- ID bO 
111 Ll O  0  CM 0  *-• CM 0  y* yty* CM COy* y* CM CO CM CO CM y* 0  •" M H H H r i  CM CM U~J CM CM y* y* y* CM 
OC 0  
0  I 
l~
; O  I CM ID CMy* O  0  <3" O  y* CM b5*3" 0  O  *-< CM CO *3" bO N  N  << bO '3' CO CM y* O  O  CM 0  'M' M5 CO O
0  O'. H
: OC CM
i I—iZ ^UDUDbDlD'O'ONNN'O'OMO bObDbObD bO bO b"5 <3- ^  <3- ^  'M" *3" ^  <3" CO CO 0  0  CO 0  CM
! 0
G  X  O' O'. O'. O'. O'. O’- O’- O- 00 CO CO COO• 0  O'l 05 Oj 05 CO CO CO 05 CO o*i O’i iTi iTi iTi iTi rr« iTi cci o'i O'i 05 co 
! UJ I I I I I i I I II I I I I I I I I I M  f I f '" I* I \ f if * H*
<E 
0   i
1 O  O  CM 0  bO N^O0 0 0 y> O  bO b“*N y* 0  M5 y* N  y* <• 05 '>• y* ^  ■>-< bO bO O  ^  O  CM O-NM) 0-- 
0  iL yi CM CM y*y* CM 05 y* CM CM 0  ^ sN-h 0  CM 0  y* y* bO CM y* CM CO CM CM CO CO CM CM CM yt 0  th 0  CO ^
<r l i t  i i l l  i i i i i i i i i t0
Q 0 ytft 0 <>y*N y  <i0-.Oy**?<*0> O 0 ID N  0 y*N 111 O0h*O bO<• 0 05f \ O 0 b“ CMO
2  Ll 0  CM ’-i 0  '-i CM 05 ^  CM CM 0  th ^  CM t-4 CM 0  CM CM 0  CO CM CM y> CO y* 0‘» 0 OM!<r
Q
1 11 0  CM *r* O  CM 05 CM 0  ID *0 CM -•-« O  ^  CM O  0-- CO >0 bD ^  0  CM *-< O  t-h I/O >0 N  N  <* 0  CM 
>CC
!LU O  CM If) tD 0  CO 0  0  CM OM CM O  O  O  O  O  i-* •*-! t-i »-i t- i ■•-< OM CM CM CM CM CO 0  0  0
CO
G
0  X  T< ^  ^  o  O  O  O  O  O  O  O  O  O  O  O  O  G  O  O’. O-O’. O’. O’, o. 0^  O-CN O-O’. O -O’. O’. O'O'-O'-O’.
yl yt M  rH rH rH rH i h H H H H H H  I I I I I I | I I l | l | l | l l l
1 I I I  I I  I I I  I I I  I I I I
vN u  >0 0 *-* -O N  o  y  0  ID N  0> O  0  y  O  M5 CM bD ID 0  O'- 0> <3 *-• ID *-<<t ID<f 0  CM 0  0  0  
Ll I ’-**3*3NIDIDID*3CM ’H.-i('M’-* '0 *3 ’~*ID’-**3CMN<3’- 'N N ’-**3'O’-*O5’-*O5’“*OM 
t i l  I!tu
O
i <XO CM<tO 0 N  t^ O -C M ^ *3 0 O in C N O '-C M N 0 0 N 0 0 0 0 N  bO^GNIDCMCMOlD<3 
X X ’-»’-*0 *3 N b ‘5*3lD*3CM CM*-*OM’-*M5*3CMlD’-**3CM0«3’- * N N ’-**3M5’- * 0 ’- * 0 ’ -*CM
0 0  0  h O h  CM0*3 IT' M )N 0 h  h O N M ) b5*30CM h O O *h CM0*f ID 0 0 0 - 0  t-*0M<3
•H yH rH
jL >0 <i MjiDi/5 in in in in  in b o r n  3 3 3 3 3 3 3 3 3 3 0 0  0 0 O5000O5000CM
X *3  *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3*3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3*3 *3 *3 *3 *3 <3 *3 *3 *3 
III I I I I I I I I I I II I I II i I I I I I I I I I I I I I
O 0  CMOIDO 0 IO N ID  O N ID 0  0 3 N M IO O - N 0  10 (00  CM0O'*3N01D*3t- .0 O  
XCMCM*3’~*CM 0CM’h CM’-*’-*CM0’-'*’-*’-*’- * 0 ’-*’ -*CMCM’-*OMO5CM0’-«’-«’-*’-|’-**3 <3
I I I I I  I I I I  I I I I I I I
OOM’-*’-O O O 0 3 -*3 10 CMNN0T-* 10010 b D O O ^  05 lOb,50C M *3 G '.0 0 0 O < * CM CM-*XXCMCM^ t-iCM 0 CMt«NhhM 0 rtHi-« rtMrtN (i)CM0 nrtrtMrt
~0'O in ^ 0  CM th(N0 *0 N ~<0 <3-CM O O  t *  cm 0 O N  05 N O O t-« cm <31D N 0 0 ^  o. nOIO 
0 y
0
^ N N N N N N 0 O 5 0 O 5 O O O O O O -O .O 'O .O .O .O 5 0 0 N N N N N N N N N O O O0  H H  iHHi
2:
0 X 1 0  ID bDb"510 bDlDlDb"* 101010*3*3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 <3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 
X I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I
g<L
£EI”
Uio 0 in th io n  C0IO3 in o n c o  c m g o n  *3 N  cmcm *-* C'.*3*3 om«3Cmo 0 * 3 - 0 0  in min
h l L 0 0 0 ^ 3  0 H 0 N  ’-**-•*30 ininO«H *3-’-•CMCM CMCOCMCM *i« 3 O ’-<CMO’-*’-*’-*C0’-* 
I I I I I I I I  I I I I I *-* I I I I I I I I I I  I I
X I
 I
h O < i  C'CbD *3 0 * 3  CM 3 M M iO h 3 C N O C 0 0 - 0 0 -  CMO «3CM b5 CO CM »-* 0  N  0  b"5 N  *3 
2  Ll 0  CO CO y* *3" CO ^  CO N  ’-i t-i b5 0  ID ID O  t-* *3 *-« CM t-* CM *3 CM CM »-* *3 >0 ■»-* CM <• ”-* ••-* ▼-* 0  t*
| »—< yi
! Q* M
2 0 N O 'T -*0 O O '0 N O ljO ^ -0 C M  T4^iCM0OC—*O. 05NOID *3-OO-r-*0*3-OOO-.0N
CC THr4 >—4
D
O jLOM CM CMCM00 0 0 0 0 0 5 0 0  0*3*3*3*3*3b5b‘5 10101010 U0b0'O <i<i'O 'O NN NN
x x  0  \r> in in in inioio in ui inioio in in in in to in in m in in in in in in in in in in in in in in in
o I I I I I I I I l l I! i i i i i I i I 1 I I I 1 I I I I I! I I I
Ll
co
X
0 0 0 0 - 0 0 0 thCMC^  ^0 * 3 - 0 0  rj0CM 0TH^OCM *3< **30  IDIiOO’- i OO-’- ithO'’-*’-* 
f— LL0 thCMth thIT*0 * 3  *3-0 ’-**0'OCM* 3 " CM CO CO *3 b"5’-*O 5 *3 N N 0 N ’-*'O 0
O  I I I —< I I I I I I I I I I I
<X I
X
O  O  CM 0  ID o. CM O  *3 05 ID 05 CM *3 *3 O'. l l O N C M  CM y  *3 CO 'O'- N  CM >0 bD O  O  M5 *3 0  N  *3 
0 X 0 t4hCM ■•-* b“* CM *3 *3 CM ■»-* *3 N  CM *3 t-* t-* ’-* t-**"M C00*h *3 b5CM0 5 *3 0 O'-0 NCM'C*0  
X  -*
_<
1—
O  10 O'. C't-* CM CMO CO *0 *3 CM O ’-* 05 U5N ■*-•05 CM’-* OffiNM ) b5 *3 CO CM O  O  ’-* 05 *3 b"5
1__) T-l-rHt-* tH’-I H r t H H H
f—“ '•/ H  r4 r4iHH  O'C1 C1 O' O' O O  O' O’ O O  O' O  ’—* ’—• ’—* ’—* ’—*’—*’-* y < y < r4r4(S|lM CM*.MOM 
CO
Q  X  M5 <1 <* O  <* <* *£• <* M5 <* <» >0 b~* b5 bO b*5 bO ID bO bO bO b“* bO b“* bO bO bO bO ID b“* bO bO bO ID IT* b*5 
X  I I 1 I l I I I I I ! I I I  I l I I I I  I I I I  I I  I I  I t i l l
I—
<X
 1
O  C j O  CO 10 O ' N  y* O'. >0 CM N  05 O  O’- y  *3 O  05 *3 y  CO O'. O'- CO ’-* <1 CM O  'O  <* 05 b“* 0* N  N  0 . M5 
_ J X ‘"M’ -»0'* I r-«*3 ’ -< 0 ■r-«N*3’ - * 1010’-* ’ -*CMCM’-* ’ - * ’ -*0 5 '0  1 05’ -*b~*N *3'C *’ -**3  *3 *3
<L I I I I I I I I I
O
0 0 0 - 0 0 0 IT* OO'- CM CM <* OX- 0  0  ID CO CM C* O  bO O  0-- bO CM 05 N»-* O'-’-* CM O'- 0-- O- CM CM M5 
2XCM ’H0 r* r *  *3 ’-*’-* 0 »-*O50’-* ID ID *-*’-■* CMCM y  CM ’-*0 'O  05’-•ID 05 b") >0 ’-• *3 ’-* ID *3
<E
Q
LlI_l ••-• G  O-0  M5 b5*3 0  ’-* O  ’-*CM05 *3 bO>0N  0  O  ’-*O  05N  <1 bD *305 CMO O  y  CM0 *3 bO <1
D  H H  H r * r *
X
UJ in *3 «3*3*3 *3*3*3 *3 0 5 0 0 0 5  0 0 0 5 CO 00 5  CM CM CM CM CM CM CM CM CM CM
05
G
OIM!* 'O'Ti'JO'O '0'0'0'T* '0 '£ |'0*0 *0'C,'0 '0 '0 'i*M 5'0  'O'O'O'O 'O'O'O'O'O'O'O'O'O'O'O 
I I I I I  I I I  I I I  I I M  I I I I I I I I I I I I I I  I I I I
CD
<E O  CM CN y  CM 0  0  CO 05 0  N  CM 0  *3 05 «3 05 CM O'- Os *3 0  00 (0 N  N  *3 *-* *3 *3 O  ID N  O'.05 0  *-* 
( L l l - i r jC K w ^ r H H  ••-* ••-» ••-• CM CM *3 ••-» *3 ••-* »-* 0/ ID *3 ^  CM ID ID CM 0/ 05 t-* 0  CM t-* *-* t *  »-* 0/
X O *-*C M 0 *3 0 N 0  O'0CM’-*O5N0in*3CM’-*O ’-*CMO5*30NO5O'.O’-*0*30CMT-<oiHHriH HrtHrt
j i N N N C N N N N  N 0 0 0 0 0 0 0 '0 0 0 » ID ID ID ID ID ID ID ID ID ID ID ID *3 *3 *3 *3 *3
X  CM CM 0  CM CM CM CM CM CM CM CM 0  CM CM CM CM CM CM Cl CM CM CM CM CM CM 0  CM CMCMCMCM CM CM CM CM CM 
I I I  I I i I I i I I I I I I  I i I I I I I  I I I I I I I I I I I I
O  O N 0 h  <i 0LD *3; N 0 500 - 0 * 3 0 * 3 N  *3 0  0> C> >0 CM ID0 0 / 0 0-.0/ O  0  ID O  0  O'- CM 
XCMCM’-«*3*3CM*3’- ' ! I I CM I ’-'CM’-'CM 05”-* --* CM CM’-* ••-* CM CM’-* ’-* ---i --*’-t --i CM *3 ’-*’-* 
I I I I  I I I  I I I I  I I  I I I  I I  I
O  >-* 0  ^  0 *3  01D 0  0. 0  O  O  <• *3 O- N  0  CO 0  0  t-<0 0 0 CM ID O  0-- *3 CM ID *3 CM N  O  CM 
2XCMCM’-i*3*3CM*3’-* ’-*0/ -*■»-* CM’-* CM 05’-* -t-* CM CM’-*’ -* CM CMCM ’-*’-*’-*’-*’-* CM *3 CM •*-*
~ X N 0 * 3 ’-*O0*31D
Cl
X
x N N N  N 0  C0050
O
X
O X  0500500505050
N O 0 N 'O *3 0 C lT -*0 lO T -*0 O ’-« 0 « 3 N 0 O '.0 N in *3 0 O M ’-*O
tH
0 5 0 O'- O'. O'- 0-- 0 -O' O'- O  O  th rH O  0  ^0  ^O'- 0  ^O'-0 0 0 0 0 0 0 0 5 0
0 0 5 0 0 0 0 5 0 0 0 0 0 0 CM CM CM CM CM CM CM CM CM CM CM CM Cl CM CM CM
I I I I I I  I | I I I  I I I I I  1 I I I I I I I I I I I I I I I I IX ffl <L 
X  
I—
XON0O'.O5OlD'-<*3 *3O’-*N*3N0'O0'OO’-*CMtsO 0 C I 0 O ’-*’-«'OOOv0 O ’-iO'. 
h*X ■»-•’-* O'. 0CMCM’-*0 ’-*CMOM’-«O500CM0’-*ID’-«*3*3OMOM’-‘O'’-*’-ith*3CM I ’-*’-*CM 
I III I I I I I III I III III II I
»-«O  *-* O'- 0  0  O  *3ID05 *3 O' O  0 C O ID N 0’-*'ON«3’-*0O.0*3COCMCM*31D’-*O ID O 05 0  
2X C M ’-*O'-0CMCM’-*CO ’-* ’-*0M ’-* CO 05 0.>CM 0  ’-•ID ’-* *3 *3 »-* CM ’-' 0 -’-* t-* t-* *3 CM ’-* ” * ••-*CM
2  _J CM 0  *3 ID >0 N  05 0  
<X
CD-i£*3*3*3*3*3*3*3*3
O  *-* CM 05 O  0-- 05 N  0  ID *3 0  CM h O O h  CM 0/ *3 ID 0  05 O' O  t-* O' 05
H r H H r H H  H  v-4
*3 *3 *3 ID ID ID ID ID ID ID ID ID ID ID IT' 0  0  <> 0  0  0  >0 0  *0 >0 N  N  N
0505005 0  050 0  0 CO0 0 0 0 5 0 0 5 0 5 0 CO0 0 0 0 5 0 0 5 CO 05 0  
I I I I I I I I I I I I I I I II I I II I I I I I
X  X 0 0 5 0 0 5 0 0 5 CO 0  
O  I I I I I I I I
X
0 1 ! x  i
O  CJ’-* N  CM t * * 3 0  0  ID; CM O' 0  O' 0  N  »-*0 0 0 5 0  CM 0  0  ID 0  0  *305O' ID O  CM O  CM O't-* CM 
I - X  CM’-*1/50 I ID05 *3 <• 0 0 5 ’-*05*3’-* 05*3ID CM I ’■h COCM 0 C M  I CM-*0CM 0 0 5 IDU I I I I I *—• I • I II ill I I t H | i
<X I I I
X
O h O 0 h N 0 5 0 0  N  *3N  ’-* ID O  'O’-* ID N ID ’-' ■-* 0 0 / N  CM *3 K  0  ID ID r-* CM CM >0 O ’-* 
X  X  CM CM *3 0  ID 05 *3 0  CM < 3 0 h  0  *3 CM CO *3 ID CM’-*’-* 05 CM y  0  CM y  CM CM 0  CM -*  O  0 ID 
X  *—• ’—*
U J W r t  O  O N  0ll5 *3 05 CM ’-* O  ’-* CM 05 *3 tD <1N  05 O' *3 *-• O  0* 05 N  0  ID *3 05 CM ’- * 0 0 ’-*
♦H rH rH
y y y y  CM CM CMCM CM CM CM CM CM 0  0  0  05 05 05 CO 0  05 05 05 0/ 05 *3 *3
i'm f>5 <v10  |V< rm i'm i'm O'1 0 10 ,v*05 00*' 05 0* 0>05 0> 0 0 0 0 0 CO 0  0  
III 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  ' Y
Q  X 0 0 0 5 O 5 0 0 0 , 0,
X I I I 11 I I I
h- 
<C 
X
O  O  Cfj CM 0 N 0 C M  05 N  j CM N  *-* N  y  O  O' ID *3 111 O'- 0-- N 1/5 N  05 05 *3 *3 05 h h Q  05 <i y  CO 1/5 
X  X  ID *3 y  051/5 CM’-*01 y  CM CM O  y  05 0  O'-1/5 ’-* *3 CM *-1 05 CM ID 05*3 0 * 3  *-* *3LD CM N  OM 
<T II I II I 1 I I ’-* I I I III I I I ‘ yy y I I I IO 1 1 '
D O N  05 0  COOO-CM CM 05 05 CM CM *0 CM CO O  ID *3 O'- 05 <■ 0  *3 >0 *3 ID O  0  ID O' O  0  0J 05 ■*-* 05 
2  X  ID *3’-* 0 5 0  CM CM N  ’-* CO CM CM — • CO N O I D ^ h  CM ’-* 0* CM ID 05 ID N  *3 ■•-* *3 *3 CM 0  CM y
CT ’H ’—I H r *  1—I
X  X  O  O'- 05 0 i1/5*305 CM ’- * 0 0 ’-* CM 05 *31/5 0 N  0  O- O  y  CM C» 0* 0 *3 CM O  y  05 ID O' y  *3
5> H H H H  1—1■*—I
X
X  CM CM CM CM CM CM CM CM CM CM TH ’-I ’-* T-I -»-* TH -T* ’-H ’-*’-*’-* T-IO O  O  O  O  O  O  O  O  O  O  O  O  ’-* 
CO
a
OX*3*3*3*3*3*3*3*3 *3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*3*30 /00 /00 /0501  
I I I I I I I I I I I I I I I I I I I II I I I I I I I II I I I
~  ---- O' ’V '  "IC *tijJt h >ciC M 0 * 3 0 0 O M 0 O 5 O 5
' X C M t h 0 . - « I DID0*3CM01i/0 W W T t r t r t  | • | .-1*3 *-i h«h(N)*-««—( I *-n~i I 0ith 
I I I II I I I I I I I t l |  | | IX i . i i
0
< E 0 ’-h0 0 . 0 ’-h.h 0 vCO0 vO * 3 O 5 0 0 O 0 . 1 D O O ’-»t h « 3 0  IOh Q O C 0 O ' 0 M ) O 3 3 h N  
j X  X  CM th 0  IDU1 CM *3 O M 0  111 0  CM0/-*^>-.^t^ ^ ^ . < 3  C<j c m >h  -* CM *3 U,
X  t h O C O  N  0 * 3  0  CM thOCM 0 * 3 0  N 000- 0' ID*3 0 C M  y  o  CM05 *3 111 CM*-« CM 05 *30/ CM -
N  N  N  N  N  N  N  N  N  00 00 €0 0500 X  X' X  X  0-- 0- O'. O'- O'. I o  O O  O  O  th y  y  y  y  O  O  0.
* > H rH .H  H . 1 Ir  I*H H H H H
II I I II I I I I I II I I I I I I II I I I I I II
•oooooo
O N I D 0 N 0 * 3 0 1 D O 5 1 D C M 0 t hO 5 1 D O M 0 O O 0 C O 0 0 0 !  O  O O  ID 05 O M N t h t-i 00 a>.-«0 
X C M ’-'CM0/0*3▼-*’-i’-i»-i»-i OM’-i’-'CM’-'CM ^-f0r-i0i*3; i\C'5’-i’-iNCM0'’-*’-.’-.CM’-' th
I I I  I I  I I I I I I I I  I I I I I
C 5 C M 0 O O O C M * 3 * 3 N N C O 0 l l ! O M N 0 T H O O O C M N O * 3 * 3 j  N 0 * 3 1 D * 3 0 N * 3 1 D 0 0 - C M N  
; Z  X  CMy  0/ 0/ 0!*3 y  y  y  y  y  CM y y  CM y  CM y  CM0  y  0  *31 < t (vj *-< |s* (vj p) ^  ^  ^
X 0 < 3 1 D 0 K O O 0 ' O C M * 3 0 ’- * O 0 . C O N 0 1 D * 3 0 C M t h O|(Vj H H H H H H
X
it *3*3 *3 *3*3*3 *3 *3 *3*3 ID III IDlil 111 ID ID ID IDID ID ID 111
O
I I I I II I I 1 I I I
jO lH T H r t  tH tHtH tH H H H H  r t r < H r * H r t H  rH r tH H  H
!x i i i i i i i i i i i i i i i i f i i i i i
G  
<E 
,X 
:K~
X O O O 0 ' t h CMOM0CM1D*30.’-*0CO0.*3*3t h N 0 C M N * 3 * 3  
> - X * h  0 C M O M I D 0 ' N I D 0 1 D N * 3 C M C M  N C M - * th | 0M-*
I I. ill I h | | I I II
2 I
D
*-« O  0*-« >ph C M O O  III O' G 0  th *3 * 3 N  O' O  th 0  *3*3O>05 111; r ^ N ’-i*3OM0O5’- * N ’Hli5T-ii^ 
2 X C M t->NCM t-*ID O ' N  111* 3 0  N  *301 CM *-*N CM CM>-*' p-,^ ^  Qv.f-q ^  o.^rr,
y y t-*~a
O ’- * C 4 0 * 3 1 D 0 N G O ' . O ’-*CM
rt r* rt
0 0 0 0 1 0 0 0 0 0 0 0 0 0
O 0 " t»*3 ’—•OO'O' 0 1 D N t-» ID 
*3 0 C M  *3 CM O'-’-t 0 / O N 0 ' O  
I I I I I I | | rH
t I
Z  X 0 I D * 3  0/CM*-* O  OthCM0/ * 3 1 D 0 N G 5 0 .  O  thCM*30 CM 
0  v ^ ^ h ^ h  -r-.t-i'r-. »h OMCMCM CM CM CM CM CM CM CM CM CM CM 0 5 0  0
O  O-Oj 0* 111 *305 CM h Q O h  CM
iH
0050505 050050/ 0 0 * 3 * 3  *3
K X r t r t H r t H H .
O  I II I II 
X
CD
X
O  O  0 0 0  *3lll*3 N  O  01D0- CMCM *-* 0  0 . 0  C M N O  ’-'N 0  
I—  X  00*0' 0CM0. CM *3 *30M'-« t-»CM*3 CO*-* « 3 0 O I D N  0
O  I y  I I I I CM I
<E I
X  1
O t h IDIi1 N C O * 3 0 O ' C M I D O  OM-h Q  T-* * 3 N  0  *3CM 111 N  111’ 
X  X  O' 0  O  0  CM0. CM 0  ID CM CM *■* CM *3 th 00 th 0  <t 0" til 0  05
Cf >—4 vH H
15
I—
O  X  y  CM0  *3lll0 N  0 5 0 - 0 y  *3111*3 CM O 05 0 * 3 CM O ’-* 05j
3  rHH H H H H H  j
X
I—L ' l - I H H H r l H H W H H i H r t r t O O O O O O O G O O
0
I I I I I I I I I  I I I II I I I I I I I I I I I I
*3 0  O  111 th N  *3 05 y  O  0  0  N  
’-i O C M  CM th CM’-* y  *3 111 CM y  0"< 
I h | | | | | m i f
*3 *-«0*3 0 5 0 N  *3 0- h  •<-. CM h  
05 O C M  CM y C A y y  05 ll!0-**t
ll5 fv O’- ID hi *305 CM y  O  O' 05 N
Q  X  CM CM CM CM CMCM CM CM CMCM CM 01 CMCM CM CM CM CM CMCM CM ^  ^  
X  I I I I I I I I II I I II I I I I I I I I  
h- 
<L 
X
O O l l l 0 0 1 D * 3 N 0  t h ^-050 05 U1 *3 O 115'0 CM U10 5 0
 I X 0 t h C M C M 0 t h 0 05*3CM*3*3*3 y O y  CM0 I y
<L I I I I I H  I I  I |!
O  I
Q 0 1 D 0 0  *3 111 *3 th CM O5ID0 0 I D O  N  0. Ill IT' *3CM 0505 *3 
2  X  0* y  CM C M 0 t h N  05 *3 CM *3 *3*3thO0.th CM0th^h^h»h.
<1 **H i-i
Q  I
X  X 0 0 N  01D*3 0  CM h Q O  th C M 0  *3lll0N 050. »h 0  0
jl> rtHW
:x
jX it *3*3*3 *3*3*3*3 *3*3*305 0 0 5 0 5 0 0 0  0 0 0 0 0  CM
;05
G
O  X  CM CMCM CM CMCM CM CM CMCM CM CM CMCM CM CM CM CM CMCM CMCM CM 
I I  I I I I I I I I I I I I I I I I I I I
I I I 1 I I I I I I I  I I
ll-'05*305 0  O0'0. 0 K 0 th 05 
0 5 0 OM 0  0  N  *3 0- CM 0  111 0  I 
I I CM
111 *3 IT' y  *3 0-05 05 <• N  y  CM 0' 
0505CM05 0 0lll0. CM00th 
CM
CM t hQ  0  N  0  111 *3 0  CM th O  O
tHH r l
CM CMCM CM CM CM CM CM CM CM CM CM h
CM CMCM 0  CM CMCM CM CM CM CM CM CM 
I I I I I II I I I I
.I/M^ INtHV/U/U./'-I/tH «TinTltHtHH»HninrH?‘.f03O3NC'IM)(,)Hr<5rt
I I I III I I I I I I I I I I I TH I I I I I III 
X  I
o
<T O  O  0  <30 O  ID *3 ID0 0 5 th 0  01 CM *3 CM CM 0  0  N  0505N  *3 C* * 3 0  0 * 3 N  05 *3 CM *3 N O  05 
( L l l N N  t h 0 N C M  t h 0 U 1 0  ID th>-i*3 ID th y y  th0|D 0 / 0 0 * 3  0 * 3  0  CM 0  0/th t-<0 th
I -J0CMthO O thC M 0 *3 ID 0 N 0 0 O C M *3 0 thO 0 0 1 D *3 0 C M thO O thCM0*31D0N
I rH »H «H H
i £ 0 0 0 0 * 3 * 3  *3*3*3*3 *3*3*3*3*3*3*3IT' ID IDbllD ID IDIDID ID ID0 0 0 0 0 0 0 0
!
I «1_t H iH >H >H tH»H tH th tH iH H H  >H H  tH tH tHiHtHH H H H H  tH r t  iH H  tH HvH« I »H
O O O N * 3 * 3 b l 0 * 3 r — 0  *3 ID TH0MIII 0 T H « t * 3 0 0 l l 5 O 0 O T H 0 N N * 3 0 0 0 0 0 0 5 * 3  
X t h C M * 3 1 D t h 0  0 t h t h ^ - C M 0 0 N t h 0 O 5 O M t h O 5 * 3 0  CMCM y  CM05CM I th*3 | 0  
I I I th I I I  I 1 I I I I I I I I I 
I
O I D 1 D 0 0 0 0 0 5 0 0 * 3 C M O N 0 O O ^ N  t h ^ ^ - O  t h O O 0  0  ID *3 IT' 0 t h | D N 0  0  
Z L i_t h OM*3IDt h 0 O 5 C M C M * 3 C M 0 0 N N 0 0 C M 0 0 * 3 0 t h CMC-M t h CMCOCM t h ,-i*3  0  
S  rH
^ X C M t h O 0 0 N  0in» * 3 0  CM t h O O th CM 05*3 I D N O 5 0 O C M 0 * 3  III *3 T H O  0 0 N 0 4 1 1  *3(N| H H  H HHHHHHrHH
Ol
irTH^H^H^H>-,TH H H H H  ih t h ^h CM CM CM CM CM CM CM CM CM CMCM CM CM C M 0 0 0  0 5 0 0 0 0 5 0
O
Z
O l r H ^ T H r H r t ’H t H ^ r H r H r H H ’H r t ^ T H r H T H ’H T H H H T H T H ^ Y H T H r t T H i H t H r H H W H
X
m
;<c
x
i i—
i X O 0 N 0 1 D * 3 0 * 3 0 N 0 O 5 0 N N C M 0 0 0 Ii1 0 I j1 0 i0 * 3 0 0 / 0 0 0 * 3 * 3 0 0 0 t h 0  
i HLL00OM*3CMTH-rH*3lDN*3CMCMIDO00*30lDTH’-i*H*3TH,-iCMTH*3TH0OCMO5CMCM
, I I I  t H iH  tH I I i-1 rH I I I  | I I CM t h ^h CM I I I
:z ii i i i i
! H
HH Offi 05 * 3 0 T H 0  *3 THlD 0/ TH 0M050  TH *3 *3 O  0 0 N 0 0 * 3 N C M  111 ID th 0/ 0  tf5 0 CO»h  N  
Z X 0 0 iCM*3CMt h t h  Ll ID N  05 O  CM0  O 0 0 5 ID 0  ID th y  y  *3 th ,-h CM O  111 CM 0 0 0 05CM CM
M  H H  -t—I tH tH (\| H H H
Q
H
Z J O 0 0 N 0 1 D  * 3 0 C M th O t h C M 0 * 3 I D 0 N  050 - h I D * 3 C M O 05 0 * 3  CM th 05 111N0 * 3 0
d  rH H H H r H H  rHrH
D
O  CM CM CM CM CM CM CM CM CM CM CM th th th th t-h th th th O  O  O  O  O  O  O  O  O  O  O  0» h  y
X I O O O O O O O O O O O O O O O O O O O O O O O O O O O O
o
X
CO
X
O  O  N  05 CM0 0 0 0 0 TH <3 <3 0  bl 0  0  CM 111 ID 05 O  CM 0  O  0  0  N  CM - C i h h C - I N O  »h<i 05 
H X O t h N 0 0 * 3 * 3  I CM th CM th 0/111 th0 0 5  CM O  05 t h N 0  I bl y  I CM 0'0 'th CM tOjth
O t h | I i l l  TH I TH | | |
<L
X
O N  05 N  *3 0 N  0  N  05 0' bl 05 bl bl 0  th 05 05 0  bl N 0  0 * 3 0 0 5  y  N  CM y  0' CO N  0 0  bl 
L U X 0 t h  0 0 0 5 * 3  *3 th-th CM th 05 ID th O'. 05 thO'.sQ 0 0  If y  >'M 0 |V' y  y  y~'~j -th 
X  TH
3
I-
O  J th CM 0 * 3 b l 0  0 5 0 0 th 05 CM t h N  0 b l  *3 05 CM h Q h  CM 0  *3 bl 0  N  05 0  O th 0 * 3 * 3 0
3  H i - i H H H  iH iH tH rM-i 1H
X
I—  ii ID b! ID bl ID bl bl bl b! bl *3 *3 *3 *3 *3 *3 *3 *3 *3 *3 ■*30 0505 0 5 0  05 0  0  05 05 0/ 05 05CM CM 
05
O X O O O O O O  O O O O  O O O O  O O O O  O O O O  O O O O  O O  O O  O O O C O o
X
h-
<E
X I
O  0 0  0  0  N  * 3 0  0 y  0  0 i *3 N  * 3 0  05 N  N  O  0  bl *3 *3 y  N  05 bl bl CM 05 0  y  O  05 bllil 0  
XXthi' MthCMthth CM th th 05 I CM CM CM CM *3 I th *3 05 CM CM th i-h O'i CM 0  th CM CM N  *3 0 /0  <L I I I I  I I I I I
(J
Q  O N  O  ID ID 0  bl bl CM CM 05 N  N  0  0  O  0  0  CM N  0  bl IT' th N  <3 b! 0  0/ 05 N  O  th 0  IfXD CM 
Z  X t h  0 i th CM thth ^ h CMCM th 05 CM CM 05 CM *3 th *3 0i CM CM th ^ h 01'CM 05 th CM CM N*3*v '0 
<E
D
X  X C M  0  *3 0  N  0  th 05 N  0  bl *3 CM th O  0  43 bl 0  N 05 0  ^  CM th ■>. 05 N  0' bl *3 0/ CMth o
2> -rH 1-ItHtH
X
X  i £ 0  0 . 0  0 . 0 0  00050000 CO 05 CO CO 05 N  N  N  N  N  N  N  N  N  0  0  0  0« 0  0  0  0 0 00i 0  
05 
00
O I O O O O O O O O O O O O  O O O O O O  O O O O O O O  o o O O O O O O CO o
I 111 I I I I I I I H I I ^ ^ | I I I I I I I
LU I I
o
<TO^ <X'^ OOCOCMCNOO'JO'OCMO'£^ .CMCMO'lOOlDC*.NCNN*-iCMxlDCMO<fr<t<*'O'0 . q_ll^  cO'-hco^ cm^ O'ICm^ O'IO'JId^ cbmoco mocovOco fr-m-CM N'Oco^ w^csI'h^ -co^
J N  o .^ *-iC01D *tC 0 *-*O  O-ODN O lD 'frC O O 'l ^ 0 * -« (M  00 'frUOMO N C hO ^-* COCOOfr OON'O
» H H H H H
O  O  O  O  O '- I 'X  ^ ^ ’ - I C N  O'I >N CM M  N  M  W  N  (N M  CO CO CO CO CO CO
4
X  CO CO 00 00 CO CO CO CO 00 CO CO CO CO CO 00 CO OO CO 00 CO oo CO 00 CO CO CO CO CO CO CO CO CO CO CO 00 CO
: OlD'OCNCObOC>.^ON^C^C»M:itfONC>.IDMO<>''0OOlD*-<N'r-«'OCM»-«GOCMfc»-«(D<t«3-
U_'-n-«0'I I *-«ii-«*J-CNNCO I I iDOI^ h-COO'! N^ *-<THNCOM0'O*-<rN.NIDO'.«fr'r-i 
I I  I rH I CM I I I I I y-t
I I
O'oco*-»oc>icou,)c'ic,co in oo id o>i Jo cm n  cm co n  cn<« to *-»coocm o^- mo co oo co *-< n;ZU_'^«'-«C0»-<^C''I'O'-<IjOCMN’-< i-fvOCOIOwCOCI fsiHHrt(\|CO'0'OHfsCO[OHirji('\|■X H fil 1-1 H
M  *
COCMCON 'OlO^CO CM'-«OO^-«CM00<t ID'ONOO fr-CX'l OO'tOOD'O'frCMO 
iCM ■»-« T-l T-t flrHH
jO.
iiOM O'! NC'IC'I CM (MCMO'I CM C'ICM ^  ^  r< ^  h O O O O O O O O O O
§.
lOXCM CMNNCM CM CM CM CM O'! O'! O'! 04 O'! <N CM O'! W CM CM CM CMCMCMCM CMCMO'IO'KNO'IO'IO'I CO COCO
:X
CD
<x
h~
i oo -< co oo oo>o o n ch in m oj o:< id oo mo h^o bo o o o^ id go o o o
|^C4v«^C0iM*fr<frCM I CO O'* O'! O'! ^  O'-- MO N  ID *-< O'! ID 0-1 CM CMI I W  | I I  II I
ILUOCO N <tON ’
h-u.-*-* ^  C'lllOCM CM <3-NN'
I I  Iir I
:»-«ONOtf)*HNO^ CO'<00000(MOOt)-OOCDC1OOlOQ5'OIO^ Nr^ NOOO^ N^lDNO^ OO^
;2lL^ WNlONN<tNNN'-«*HCJ(OCsI^ C^v|^ CO^ N«tCs|^ Oi^ O^'Oin'HCi|io-rHCls|^ i
jH  rH
is
i Z-J CO <4- ll”*MO N 00 O- O *-« OO *? CM *-< O O- CO N MO ID*t CO N ** O O *-* C4 CO^ U0 *0 N CCi &. O  ^
!(t rHHHHHHH * tHH
0  , i
1 Cl ^  b0 bO b0 b010 b0 ID bO ID b0 ^  <3- ^  ^ ^  ^ ^ ^  00 0 J CO CO CO CO CO CO CO 00 CO CO
I
iarXCM O'! CM CM CM CM CM CM CM CMCMCMCMCM(NCMCM CMCMCMCMCMCMCMCM CM O'! O'! O'! CM O'! O'! O'! O'ICM CM 
IO 
|LL 
Yrt
cc
OCJCM O MO ID ID O O- 0-1 MO CM ID O O Cl O *-< *h ID CO O' b0 li~» *-• OO'tf'O-O- ID GO MO CN OObON 
l~ Ll*-* t—t C M f M ’—i ■»—< CM ■’-* IT' liO ' If?* 00 ^ ''G O'I • •»—)»—< CM 00 CM CO tTifM 
O I I I I I  I I I I I I I I 'l<£
II
O MO 0*1 CO *3" *-« O fx O'I h". 00 *3" N CN '*0 h ONN CO CO <t'C|<tO&"0^ CM ID CN O'I 00 CO CO O'- 
LULL'-* • CM■*“' CM rO■*—' ■*“' CM '—'■*—' ID -h -»—i ID •«—i CO ■»—* *"'"1C--I ht-ih •»—i■»—10"*■*—* CO O'I00 ID ^M
o:~!
I—
O I CM ■*-< O *N CO ^  CO O'- N xl' ID CO CM •DC”-* O'I CO ^  '■0 'DC* O- O CM CO fx >0 \fi O'I »h O O
3  H H  r-11—1
cc
I— jx! O O O 0-- O*- O- O'- O'- 01' CO CO CO 0j 01" 10 N N fx. fs. fv fs. N N N N <i 'O'-O'-OvOsO'-O *0 U0 ID UO 
CO HrIH
Q X CM W CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM O'I O'I CM O'I CM CM
IU
I—<L
_J i
:ODO-N^tN CM O ■*-< ID ^  ^  O OC* <■ U0 U0 bO N ^  liO N ^  liO <i O *-• O'I y-> 01' O'I O'I ^  O- 0-1 
  111 M | CM —^' ■*—*1 y—* *. M 0--I Ll0 j I O j ■*—t ■*—*'—10*1 ■*—* CM 0*1 C1 .* ^—''—* < CO CO O'I^  ^^^—'
<r i i i i i i i i i i i i i i i i i
0
a  O O'- CO 00 M- 0C« CO CO ^  N ^  CO O '>- ^  <• CM O CO <fr CX ^  rx <' N MO CO O CO <*- O'I CO CO ID N CM 00 
; 2 Ll ^  0M•^■i  »h CM CM LlO CO CM CO CM ^  0-1 *-< CM O'I CO '-t CO' ^  CO O'I ^  t-i •»-« O'I<r
id
1 LU _J 00 O'I O'I O- N MO IlO ^  OO ^  O CM ID <■ |x O CO <• OO'. M O •>-* 0-1 CO UO N O'I ^ 0!' ^  MO bO13^ t-4cc
LU^  >0 >0 ONN NNNNNNOOOO OO OO 00 00 OC' 00 O- 0- O'-0-00 OOOO hhhhhOO  
CO '-(*-( H H H rH  rH iH rlT -ti-IH H\ca
rH ^^ •O'lO'l O'I CM 04
I I <frC0CM«3- I COCMM*rCM*-'CM»-«IO«**'«tM»-« I C M C D N C D N ^^C M *-<C N
I I I I  I I I I I I *-« III I
LU I I
O
<TO«*N^O '.GOCOCM CMO^COCM^*H<tO!OMOIDIDO 'frCMO'0*-«GO«tf-'-«CvOOQO'OMOCOMOCMO'
0 .  Ll  CM -<  CM-«-« IDQO CM<* CM <* C M M ^  CM *h CM •-« ID  CO CM CM ^C M  00 N  NQO »h  O'I CN^CN
rH rH rH
-I ^ C O ^ ^ C M O O O M X *  CMO~« COIDN C ^ C O ^ G - .  O O N M )  I D < * C O C M ^ O O ^ C O  4 l D M ) N
H H H r l r t H  rH tH H
j J n r t r t O O O O O O O O O O p O O O O ’^ ^ ^ ^ ^  v h CMCMC'J cm cmcm cm
X  H-H" <fr<fr ID ID IDID ID ID IDID \T) ID ID ID ID ID IDID ID ID ID ID ID UGIDIDID
O  N  CM 0^ O ^W O  O'-LD OvCM N  »-i N  CM r i r x  C l^ OO M) O  N  ^ -«N  MO 0 0 0 CM CO CON CM
U.M fC O »-'C 'l’ H ,^ ,M O » -''^ lD C 'l'-« C 'IC 'I'-« » H < tN ’ -< CO^MOCOCMCM^LDCMNCOCMCOCM^-r-* 
I I I I I I  I I I I I I
1 O O N C O O tM D O O -.N O C N lD tM tM C O O O C O tM C O O C M N 'fr^O ^O 'tN lD O C O C O O 'N C M
2  U. CO CO *-nfrM0 MOCM *-« CM CM-^ * y-t «t- N * -*  00 *tMO CO CO CMCM MO CM N * fr  CM CO CM**-’ - '
ii i
P -JO ^C N C O ^lD M )N joO frO C M C O <frC M ~«O O O N U O <tC O C M ^O O ^C M C O ^lD M >N C O O '.0
(N| r H r H r H H H H H  rH
L: MCOtOCOCOCOCOCOCOKOrcCOCOCOCMCMCMCMCMCMCMCMCMCMCMCM^^*H*H-r-<^'r*,r<~<'rH,rH
io r
2  '
CCm
<E
CC
!|—
LU O  0 0 0 U O O N O  NMO 00-^  CMM)ID M) N ID C M  CO ^  COCO N  ^  o  CO O N  CO M>0 0 0 O'-
il—L l. '- < C M » - '^ ^ 'H C O ^ ’ H'rHCM'?f,^ iO 'C M ^ lD C 'I^ C M ’ -«'^«CO,^ ’ -''-<CM'-« CMCD*}- t- it- tC O N  
1 I I I  I ! I I  I I  I I I I  I I
2  
 i
!»-• O  COOC'ONO^OC'O^MON OOO'-O COCMlDM>NM)-*CO CO CM 00 ID MO CO *-« CMOMO-r* CO IDNO  
\Z Ll. ■*—' (M,r i T^ h (M  i i.i i  th  O'- CM M" ll") CM'-f’ CM ^  00 »h h h h h  h  ('’lOC1'^ ’ th  t-iQOOO|»—i ,
Q
»—i
2  -J  C  O 'H  O'I H-MON OC'O'- 0 *-<  N  MO CO CM 0 * - i  O'I CO *3" ID M) GO O  *h  CM CO GO N M ) ID CO O 'J -'O^ rH r - i  t—11—1 tH r - l
D
! CO jc£ 00 N  N  N  N N N  N  N  N N  MI' MO M)MO ID  ID  ID  ID  ID  ID' ID  ID  ID  ID' b > ^  <3* < t ^  <$■ H ’ *3"* t
iO
jU-
iOO 
\CC
; O  ^ I l O  N  O  Gv CO CO CM Ml'O'-ID GO liO ^  00 N  CO N  CO’- i  MO CM O  N  ^  GO ^  MO Mi M O t-« O'I 
^■CMCMCO^O'l«tCO'-'COCMCOCM I *h CMCMHM I *-« 0>-« CO *■«•»-« CM <fr CM «T
0  I I I  I I I  I I I I I I I  I I I  I I
!<X
ILL
| o  MO <4- N  O' GO O  O'I CO O -*-*CO O'- M) CO ^  CO N  O  O'- ^  CO CO ■'-' O  ID t- i MO O'I O  CM '>• MO OO O'I CO O'I
1 LU U_ *3“ *-< CO CO O'I CO *4" O'I OO ^  CO O'I CO O'I »-< •>-' 0-1 CM CM •>-«■*-« CO *-• 00 CM t- i th th CM CM ^  
OC
I—
; O  __l O  *-• 00 N  MO ID Ml" CO CM ' - O  ■'“« O'i CO ID N  00 ID ^  O'! ID CM ^  CO' O'I O  ^  CO ^  MO COM) ID CM - *
**~"l rH rH
OC
I— M O M O N N N N N N N N C O C O C O  CO CC' CO00 0-- O'- O'- O'- O  ^  O  O  O  •>- 0-- O'- O'- O'- OO 00 CC' 00 CO
CO h h h w h
: Q  X  CO* 00 00 00 CO CO CO C0« OO OO OO OO OO CO CO CO CO CO CO CO CO CO 00 <3- ^  < f r S t  <4- <r ^  ^
UJ
I—
<r
_ l
-J
O  CJ *■« M) M) CM bO O'-y~» N  *-« UO 00 N  b"' O  C-- CM M' 00 *-« bO '00 bO ID  CM O'- N  N  ^  O  CO *-< (?-. UO O  OO 
- J lL . ' t H - N I D O O C O '^ H - ^ ^  I * i  (M^O CM CO *-**-• | | (M (M (M H D (M * :(M (M 'r 'H T -« * ''~ i
<E I *-« I I I  I I I I I I I I I I
O  I I I
Q  O  CM CM N  O'-«*»-« N  *-« O  CX 00 CO < t O'-00 O-l 00 O  O'! MO O '-N N  00 MO ID O  0--N  O  N  N  
Z l l .  <fr ' tC M 't  O O N C M < * '- iiH T - ir - tr^ < iC '| CO CM— CM CMCM H D C O **  -—•tMH* h h - J h  
d ^
Q
UJ _J ID CO O'I ’- t O  O  ^  CM OO ID M) N  00 C ' O'I OO 00 O - I^ O -N  M' ID  ^  CO C M -< 0 0  O'I CO M* NT-lT—It—It-I T-l
I CC
Ul jC CO OO COCO OOCO'i- <3- ^ <■ ^ b*> bO bO ID bO bO ID* IDID' ID' bO b“.' M' MO M« MO MO MO
GO
\m
i o x  CO CO CO COCO CO CO CO CO CO OG P0 O'I 0*1 O'I O'i O’I 0-1 O'I O'i O'i O’i O'i O'i O'i O'i O'i O'i O'i O'i O'i O'i OO O'i O'i OO
i i i ii i ii i i ii i i i i iiiiii
LU
CD
<E O  COUO »-i »0 ^ N  O  UONrH (\J00 UO<t UO ~h CO * " N  rHOO N  COCOUO 00 CO <^>1N  N  N  CN UO UO 
;Q_ Ll  lf)*-« CH rH CO *0 *-« N  rnCI N  *-• *-• «-• »-i CO «-i *•« N r n  CO'-*r-**-• v*fs| rH CH ’-•CO N  rH N  rH i-h »-h
-J'tCOC'I^OO'rHN^-'OOOOvO^N'OIO^-CON^N^MD <«N'OID «^CONO O'-iCOlO O  
^COCOCOCOCO^t^- *MnUOUO UOininUOsO'OO'O'ONNN S N N N  COOOGOOO N
i
I N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N ©
O'0^00^^'0C0'0*HC0C0^N^‘0^^ll,0'0NNli‘)'O^lDN^N^-NC'l<i'0^-^O^ 
U -*|-C 'ICO <tC 'lCO N'~*OC 'I^NC 'l I C'lNCOC'l’H C O C 'l'H t^ i I N N N N N rH -^ i^ H C O ^ rH  
rH| I I I I I I I I I I I I I I
O0''^O00'-«C0N*0*-iN00lf)*4‘Oh' COCOlOGOLMlOlDCO -^OIjO N  COCO^OO 'frO'-OsO'- <*
2  Ll. N N  CO N O  C^ l ^  N  N  »-• N  N  CO O'I'-K'O N  ^  C O '- i  N  N  N  (N N  ^ N  CO-h
p  J '3 - lO 'O O ^ C O O C O 'O ^ N O ^ m N O '^ O O 'O in ffj-C O N  W O 'h MCO <tUON(>. O - h CON uo
O'I H r t  t—4 H
Cl
»-hi-h t-itht-iO O O O O O O O O O ' ^ - ' ' - • C I C N C N  N N C N N  O'I N  CO 0T> 0) 
(O 
2
u I ' O ' O ' O O ' O ' O ' O ' O ' O ' O O N N N N N S N N N N N N N N N N N N N N N N N N N
o:
ffi
!<c
tr
i— i
LU O  IO CO N  CO Ov «fr CO « 4 - *-1 < J - N O ' - O  *0 < tO  CO O'-O'* CO N  0} ID O  O'-00 CO *000CO I/O <* 
I—Li-.’^COrHCslrH-rH rnCOCO 00 CO '-»<*■«$• co CHCM *-«• 
f I I I I I I I
*h i -»Hif)^  ^i ifjN*rtvioo«t 
I I I  I
ZD
H  O N ^ I D  O'O'0C«>0 <1N * H O 0^ <• CO 00N  <1 wONCv|O'I!0'-0^inUO N  Os^O'. C O N O '- <• 
! ll_ N  CO rH (\1 »-i ■•-« -.-i »-i CO CO rH 00 N  r-H th OO CO '-<'4 N  rH CM Lh  r H in ^ ^ r - n ^ - N ^ N C O 't
; U 'O N O O fr  O rn O O 'C O N U O 'tC O O '-*  N O O ^t U O N O jO 'O H C 'IO 'O  in  ^ • N H O O - t C ' l  CO
H tH H  rH r <r - IH
cd ic: uo in in uo uo uo <t ^  co co co co oo coco co oo co co n  m  n  n  n  c i
rr I'0'0'0'0'0'5'0'0'0*£|'0'0'0'0'0 '0'0'C'£|'0'0'0 'O 'O'O'O*© 'O 'O'ii'0 <0 'O'O 'O 'ii So
u.
COX
O  O  O  O  UO CO O  »h O' 00 <■ UO 00 N  N  UO UO O  N  N  '3-'0  O  00 N  UO C l - •  C'l OO O'- O  ID rH O  O'I 00 <» 
h - lL 'tC lC lO lO lO O  I -th^O 'I'-iC O  I O 'IO 'I '-h C N O 'K O rH  ,1 ,h  ,- i CM U0 »h C l UO Cl »h (VI ,- i ,h  
O  I I I I I I I I I I I I I I
<E
[ O O O '-'sb 't'O '^C O O O I^N vO O O 'tO 'O O -r-iO '.U O NN Cl N  00O ^ in'ONCO co^^ in in 
lxJLi_COO'ICSO'l'^CO»H'-<'-<O^’HO0'~<O'l'_4'*,,,O'IO'l 04CO 00 ' - i »-!■>-< CM IP ' - i  O'I tm i-i O'I *-»cn3
I—
0  _J OC* N  in  <3" CO rH rH O 'K K ' in  Cl O  *-• OO C l N  OO C IO  O'I 00 00 < i DO ^  0-1 rH O  '- i  O-l 00 ^  uo 
b
tr
L - i i  'O N  N  N  N  N  OO 00 00O'. O'- O'. O  O  O  «>• CO OO OOK S N N N ^ i ' U ^ ' O  UO UO UO UO UO UO
CO rH iH H
1
Q  X  UO UO UO UO UO UO UO IT' UO 10 UO UO UO UO UO <• <1 <1 < k 0 'O 'O 'O 'O  <1 <10  <1 <1 <1 viO <1 <1 < i <1 <1
LU
I—
g
O  O  Cl OOOOO^tlD'tf-'OO CO Cl O  UO O'. CO N  O  o-. Cl rH rH «*• CO O - O ^ ^  Cl O  <* Cl <« CO O  <* 
_J IL  CO C'l ^  CO CO rH CO ^  rH in  UO ^  Cl U O ' H  <* C'l '-*CN O'I CO CO CO ■'0 CO «*• CO « t 'C iC I^ C 'l*H 'i  <r i i i  i i  i i i i i i i i i i i i i i i i i i i i
o
Q  O  C'l '- I  N  O  <t <*• UO "0  Cl CO CO h  <■ O'- <t <■ *-• O'- ^ O -  O'. OO CO O  O  rH O'- *h O'- CO < 'r n < t  UO
2  IL  CO CO r i  CO CO CO ^  IT1 UO ^  C'l UO ^  ^  C'l rn rn  CO C'l CO CO CO <f CO *4- C'l ^  UO C'l '- t  C'l *H rH<£
I -J 00 Os C'l CO Os N  NO in ^  CO C'l '-I rH (N C O U O  <• NOS O  OO N  <i UO <t CO C'l rH o  O  »h CO UO >0 N
H  H  rH
i^csiN C 'iN cocococococococo^^'t»t^-^<N t^-ir»uououoin inuo in in '0 '0<»0'0 '0ftino  x m  in uo in uo in uo uo in uo uo uo uo uo uo uo in uo inuo uo uo uo uo uo uo uo uo in uo uo uo uo uo uo uo
-■ - ' V W V  V' m  / W  W  \’/N v  W  W U  ^
Q_ i L, -r-t iH *-» «-« C'l"-« *-l *-• Cv| *-« tH CO C'l (0 '-I CN«“•
.JO«frC^ '-*CNC0'£<4-O»-«C'IC0'4-<4-O’-iCD
I I
m  uo <t ^  co co ch cn t-i o o o o
IE O  O  6  O  O  O O  O O O O O O O O H H
I  H H r f t i lH TH H tH r <r lr« IH r l i  I
1 * » i
p uoin ^  cnco *intn~-o co <!<) o  >ooo.
r  _  ,h **  ^  _« CMM CN CO C'l *-< *-*N CO C'l CO *h 
I 1 I i l l  f I I 1 !  ! 1 I
I
p io co c o —^cvi^rcc' uo cn <*0 lo o  o o
::i.^ *^|i^ i^ MM(N|C<ICV|«H«H(V|(VICViCO(V|
jcncoiA'ON com cn co <* n  in*'<4- cn o  o  ch 
!•
C^HCNCNCNCNCqfv JCO<4-<4- <4- «J- IOIO UO UO 'O'OD
s:
O X  O ''O ' & fr0 ^ O |O '0 '.0 ' 'G '.  o .  O-O- C ' (?' C - O '
ml r
<r 4
a  1 !
liibN'Oi^ -rHOcoow^ 'O <« 'HiC'ic?'. uooco
1—LL. I CN^ M^ IECIi C^OUO'-'C'IC'IC'I'hC'ICO
2
1 i 1 1
X
I I I I III
Im  C i Ow ' i  ^  ^  ^  UO'O N  UO UO
•21 i-  C'l t4i C N ^ IT,CO ■•-i CO UO ’-•O 'i’'-* C-l -h-thCO 
w  •!{•■
S '  f.
2*JU 0 '00 tc05< ^ -M O C 0  N  CON ^  C'IO^h
<£j ?TH ;•_j- i
p X H r t r j i O O C O O O O  O i—1 t—' ' C'l C'l
.! I !
CEiCOjCO 06 00 CO OiOj CO 00 O', O- O'. O' O'. 0-- O', o.
o  
u.
<0 I
cr I
O 'J ^ N ^ C .H K 'O '.N O 'O  0--. UO CO <10". C'l 
V— i-CO'-'CvlCN'-i'-;^-^-' ID CO I 'hCNUO'4'CO 
O I I I I I I
<E {
U. I
ID O  C* ep O'. O'- IflD O'- O' O- <4- OCOCN Cl-H C'l 
LUi J-CCi’-'CSlCN'-i'-^t’-i ^  CO ^ -i y~* C'l UO IT.' CO 
CC
(J  I ^  UO N  O'- O  O' CO N  UO *4" CO *-• O  *“• C'l CO *4"
i 1 '
b- X  CO CO CO OC* C'l C'C'I C l C'l IN C'l C 'l’—i • '—1 *
t o . !
q C E C O  CO o[i CO 0j  rn  1T1 1T11T1 f f i  0 "i i'n  1T1 f f i  1T1Q*1
^  i
C j Cj  (N *3" *»h u i CO *3" UO **-• O- 0J O  CO O- O'- ^  ■*-*
|  |( 1 £ N | * H  CTi t H  O J t H  I r H  r H  I 1 1 t —i i  ’’j  M  I r H  0 *4  *
<r i I 1 ! '1 i ‘ 1 "
o 1
1q O  '- i  CO Or"-* C'l 0j  CO O' UO N  O  N  'O 05 *4" *-< CO 
2 ! U- OH '- i  th  CO ^  C'l ’- i C l ■•-I CO OH '-1  CO *h *3" OH
<c: I
S  . - j CN UO l i  CO C'l O  -4  C'l CO N  UO <4- CN h Q O h  CO
£ ;  '
lU X N N 'O 'O 'O U O U O U O U O ^^ ^  <4" CO CO C0
CO 1
m * J.
o  i t  00 CO Cp 00 00 00 0? CO 0 j  OC* CO CO CO CO CO CO 05 CO
BIS(DIMETHYLAMMONIUM) TETRABROMOCHROMATE(II) 
DIACETIC ACID
L l t-i CM -r-i th CO CM 0*i I t- i UO CO CO '- i  CO CM v j UO O  CM < i t-i CM f t  t-i CO ■*-« t-i O'i w  N  < i | 
I I I I I - -t | I I
i_ i UO r~l CO CO t-( O  03 UO v j O'- CO CO O - f t  COLL -rH r-,1 t it-, co fo •H tH \fl |V| CO -H  O  N  llO ^  CM CO t- i UO CM Mj 10 CO Mj CM UO CM UO t- i OCO CO v j UO 1 CM ft i CM ft t-i t-i CO t-i »h CO CM CO v j t-i
_J,-,T-! T-li-lTHT-fT-iT-.,-iT-fT-.T-!T-<T-tT-lT-!T*T-lT-iT-fTHT-lT-i t-It-It-It -It-It-It-It-It-I t-It-It-It-I
V  CM CM rn  rH rH r .  r t  1-4 r t  ^  ^  rH O  O  O  O  O  O  O  O  O  O  O  O  tH *“« T-I *“ • «rV T-I t-I t- I -rH T-I if
i  1 i I i I i I I < 1  i  I i  I |
X  < i f t  UO CO CM th  O  t-« CM CO M" liO N  N  v j UO *3" CO CM t- i O  *'M CO 'v ' N  0"' v j UO ^  co CM t- i O  -*-4 CO 0
! 1 i f !  i I i  I | I i  I I I 1 i I j i i
L j  i t .  i,*.i
Ll  C M f t
T-f -r-i iTi f t  O
UO' UO MIi •=}■ CO CM CM CO CM
CO UO O'-- UO CM ^  -r-i
CM UO O'
CO CO O  0 -- v j T~i UO v j CM CM CO CO O'-- f t  O'-- Is* CO
-i-i u~i cm ro co co r-i i-i U~ ■>-1 CM U~> I UO co i—.
' !  Y  '  "  i  i I t - .  i I
*_! v>j O  | t  UO CO v r CO UO CO f t  CM 0 - MI* UO CM v" 0"-- t-,- v j CO CO O  '-0 -*-• UO I t  t- i CM CM CO *0- O  ^  v j CO
i I I !.l IJJ t—I V j  [l J < J  1 ■ : *vj !(*-i t- I IJJ l_’-j l_"--I i—E “—: U ,* *.*.1 ^  U .* ^  ,v “ *.0 CO *H  i—I U .* ~—* *.M V J  V J  U J *.'.* ^
i i '  UO UO UO 'M' “  <?■ 'M' *3" 'M' “v - vC ^  CO CO CO CO CO CO CO CO CO CO CO CO CO CM CM CM CM CM CM CM CM CM CM CM
! i  i i  ! I i 1 ! i
CM ^  Oj CM ^  O  T-i CM CO UO CO ft 
I I I !  i !
i  i i  I i  i
M* UO -  CO 
1 i ! i
I i  i ! i ! |
-h f  -j 0*! xj- O’* f t  v j ^  CO* CM T-i O  ■=-* CM UO 
! i i ! I I 1
hr:
L j  CM T-i UO CM CM UO CM v j f t  v j CM 0'-- f t  t- i CO 0-. O
L l UO CO t-i t-i f  -j CM i'M CM i'm CM 
! ' I
i j r--j CO CO O  t- i <v- O  t- i UO O'-- f t  CM CO f t  O  f t  O
L l UO CM t - i t- i i - i  CM CM CM CM CM CO CM ■■-; t- i  CM t- i
v j CM ^ vj t-s CO 'M' M* CO N  t-i ^f- o CO •—* t-i COi'm i'M t-i t-i <3- i'm ,-i t-i r-4 CM *'M CO C M C'j i'm i'm i'm OO
I Y I I ‘ I
j t  CM CO <M~ CM ^  UO v j O  r t  T-i UO CO CO t- i O  f t  it--. 
UO CM T-i t-i ^  Oj -t-i -i-i CM CM CM CO CM CM CO CO 00 00
-J O  >-w> 
ii K. ft 00 LU CO ijj ijj ijj ijj ij-. it-, 0 ij--. it-  ij"-- 0'-- CO CO CO CO f t  f t  f t  f t  f t  v j v j v j v j v j v j v j UO UO UO 
! : i  I i  1 ! ! ! i i  i 1 i 1 i ! ! I i i  i i
v f v j CM t- i O  •=-* CM CO 'v ' UO t—* CM **7 v j ^  CO O  v j 
! I ! i I !
U“  ^  i*M O  CM K . UO ■m" CO t-i -r-i i'm fv. <1 CM
l ’ i i  I ! i i  i ! i I
i j .i
CM
ij j  T -I i j j  i j CM CO O'- CM CO 
CO UO CM UO CM CM t-h ^ U.i
UO
CM
^  'v ' CM CM
CM T-i I j  TH
CM th  liO N  N  r i  N  UO CM Cv CO UO* ^  LO 
CM v j < i CM CM CM UO* 'T~i -h  CM h  CM CM CM
Oj T-* N M CO ■q' O  CM CM 'IT  U .1 l'V  M'-- VJ UO
LL ii I *.'■- t -i i.M
CO vj vj iij vr ijj
't -  v f <ci- v r -v- ^  V =r LO i j j  UO UO UO UO UO UO UO V J  v j -0 v j  h -  N  |"v jv .  
Tj- h-. o j CM O  CO
i i
jv  -r-i i j j  t-i O  0'-- 0'-- CO 'v" O  Oj i j--- !j'-- O  -'j--- v j CO f"'- O  'T  -r-i CO O  N- UO* ! \  CO O  CO '-C* O'-- O
rH  t H t H  t H  !j *%CO i lv ' CM t - i  t - i  i j j  UO* CO CM UO CO CM v )~  t- i C'j CM t - i  - i - i  CO CM UO* UO t i  f \. - h  i j j  f ^ -  ^  CM
i i I I I i t-
i
I I I
— .... i_ i it-, f t  it-- CO t- i h-- t- i -r-i it .  it-- f t  CO t- i CO f t  f t  it .  f t  CO v li CO UO f t  O  O ' O ' UO v j it-. O ' CO UO f t  f t
CM CM UO UO t-i  CO CM ^  CO t- i CM it .L l CM CO CM th  t- i i j j  < i +^- T-i *j~i i j j  CO UO t- i CO CM
■H
 j Q  0  ,— . ,0 0  0  0, Q  0, , 0  0  0, 0 ; 0  0. 0, 0  0  0  0, 0  0i 0  01 01 0i 0  0i 01 0i 01 0i
i i '  O  O  O  O  O  t—; T-s -—I t - i  t - i  -r-i t - i  r - i  t - i  t - i  t - i  -r-i CM CM CM CM CM CM CM CM CM CM CM CM CO CO C'j CO C'j O j C'j
Z  h  <r <! N  CO v j ^  CO CM t- i 0< t- i CM CO v~ UO Tv f t  v j UO ^  CO CM t- i Q  CM CO ^  f t  v j UO' 'M' CO CM t-i O
! ! I i I ! I i l l ! !
U. CM 1 CM -« I N  O  IT* <1 irj H  <t n  CM C'l CM <* vj CO f t  CO IT.* CO tv CM CO CM CM -♦ xO <* it- Oj tv tv
I I T-» I I I I || I I I I
O  ft it. UO CO CM O  *?■***& CM UO CM ft CO OO O  CM ft it-. *3" it. ft co CM ft 0-- O'- O'- ft CO O'- "3" O  vj
Ll CM CM t-* CO h  llO N  t i  <i CM CM CM ■H" It CO vj CO llO CO ^  h  CO tv CM tv UO UO CO O'- t-i
■H
-J  CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM
Sxi ‘r™* *rH O  ‘31 O  O  O  O  "O O  O  —» 1—■ TH tH tH *r*H *r-t iH -H iH rH l"\| fVj f*-.| l~\J 1*^  f\| f''\ f\J f\|
I I I
X  CO UO ft ft CO CM t-i o  i-i Oj ^  UO vj vj UO 'v' CM O  tv *‘M CO ^  UO ft ft UO *4" co CM t-i O  t-i i*m  co <3-
l i ! I I i i ! i I I I I I I
L j CO CO f t  it-. 
L l  t v  < i  | 
l
O t-i ft. uo o
Li. T - i  < 1  T - !
tv rv  ft |t i j j  *3- ijj ft tv it .  ft it ijj CO O  X  CM vj O  vj t-i < i o  tv UO CM ft CO O  ^  O'-
1—i ft 4^" ijj tv i.O 0.* t—i t—i ijj j vj CM ft i.M v j CM t* tv *3~ t—i 0M CO ijj co v j CO tv t—i
I ! ! I I ! i | ' ' ‘ | ' t v
CM v li O  CO O  'M' CO tv o  v j it .  CO v j CM U0 O'. CO t-v v j O'- «q- CM v j v j U0 v j CO CM v j O
tv Ox U0 CO CM CO CO t-v t-v tv CO v li CM f t  CM v j CM v j v  CO tv CM CO CO CO U0 CO O  CM
-J  CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
i i  xj- 'v ' «3~ CO CO 0 j CO CO CO CO CO CO C’j  CM CM CM CM CM CM CM CM CM CM CM CM CM
I i ! i i i i ! ! I i i I i I i 1 i 1 ! I I i
U .* V  i U .1 i . : .l !.'•■! T - i  T-v : *3" Li j  V J f t  V J  U * *'1“ C! I '.'- T - i  0 : -i-V I.M l.’ j  *v" U / f t  V li U .* O.1 *.M T-V 101 T-v 1. ‘-J
! ' ! ! ! !  I i f I I I I ! i I i I I
O  U0 CM f t  it .  i j j  «3- i j j  v j U0 CO 'O-- vv 00 v j it .  *3" O  ■v" CM sv" O  O  ‘M" O  CO CO U0 t-v v j CM '3~ *4“ U0 O  O  U0
L l tv  t-v TM I'M t-v I’M CM tv  t -v  I'M I'M '"M ^  CO t v  i'M i'M '"M i'O CO CO CO -I-V CO T V  Oj t v  CM v  ^  v  v  v  CM
! i i I i 'i ' Y  Y  I I  1 I !
O  CO CM f t  it-. CM CO t-v v j v f CO v j t- v  -0  f t  it .  f t  0 . i j j  it .  U0 CO O'- N  t-v CM U0 v j O'- U0 f t  U0 'v ' ^  O  CO v j
Ll  tv  -r-v cm CM tv  CM CM t—: i—: CM CM CO CM CO t-v CM tv  CM CO CM CO CO CM CO v C M v -h t v ^ v v -h  cm
-J  t-v tv tv tv cm CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM
i i  O'- O  O  O  O'- O ' CO CO CO f t  f t  f t  j t  v j <1 v j v j v j U0 LO LiO U0 UO U0 U0 U0 U0 U0 U0 U0 ■Cj- "xf- -M" 'V ' 'v ' !n '
tv TV TV I | j i i 1 I i | ! | i j | I | ! I i ! i 5 j i i i i i ! } i I
CO 'M' CM U0 CO tv f t  v j CM O  v r CO
; j I i
t-v CO ft v'l U"i t~ CO CM tv O  tv CM O'' ^  CO vj U0 ‘X  CO CM 
i ! i ’ I I I I i I i i I i
Lj t-v ijj it. it. ijj CM O  O  CO vj ■vf U0 vj t-v 
L l CM U0 i t-v tv r-i ft tv CO h t-v v CM
I « i i
i__! i j j  «3" ;t. i j j  UO n" v  \ f  O'- LO 'T  '-0 tv  CM 
Ll CM U0 U0 tv t-v CM ft V co V t-e CM CM
CO CO Vj CO ft O  vj CO tv ijj CO CO ft ijj uo UO 'X O  O  CM UO
t-v vj- co -t-v co cm cm CO vj 1 -»—e i.M i.M t-v i.M i.M '.M vM tv i.M tv
Y ’ 'f I ! I i i
t 0 j  TV ■^ f v j  it .  f t  O  CM CO O'- UO CM CO U0 v j x f yv
V vij* t—i i.1.’: t—: i.M VJ VJ 1—1 i.M i.M '—* i.M *.M '.'-I OJ
iC  U0 U0 U0 U0 U0 U0  U0 U0  U0 U0 v j v j v j v j v j v j v j -0  -0  v j f t  f t  f t  f t  f t  f t  f t  0 j Oj CO CO CO 'O'- O'- O'- O'-
X  CO i'M t v  O  t-v CM CO <3 - [ f i  v ‘i !eO ' j -  O'i v  O  v  fO “  U0 v  Q  t-v CM U0 v j 00 CM tv  O  -v" U0 tv  CM i j j  t "
i ! ! ' ~! i 1 i ! 1 I i
Lj O  O  UO O'- ■X CM 0j O'- CM v  f\ i.'m  -rv Q  ft v  vj O  O'- CO CO 'O'- CM CM vj CO O  vj U0< 0-- 'M- vj U0 UO'
Ll  tv tv ro j ft cr- ljo ■q- co cn ijj -h  t-v i'm vj -rv U0 co Cm CO vj ■X tv CM tv UO* 'O' CO CM tv CM CM
i i i I I I i I i
 O  O  O 'Q O  CO ‘M' U0 f t  t v  o t - v  fx i j j  UO CM 1-1 i j j  CO CO f t  f t  UO' v j CO CM CM U0 ^  f t  f t  O  <3" U0  vf- vf~ jv
L l t v  -i-v i j j  tv  f t  CO 'X  v j ^  CO O'- CO t- v  t-v  ij-l cM" v j t-v  U0 CO O'- CO v j ■X t v  CM rv  CO 'M' CM t v  CM CM
j r—i tH <H tH rH rH t—4 i—* t—» rH r-i rH r-i rH rH iH t—i rH «r-j rH i-H t—H rH rH rH rH rH rH rH rH rH rH rH rH H  rH
iL  t-v t-v -t-v CM CM CM CM CM CM CM CM CM CM CM CO CO CO CO -00 CO CO CO CO CO CO CO *}■ *3" *3" ^  ^  *4" ^  ^  *=f"
X  'X  U0 f t  f t  CO CM t-v o  tv CO “M" v j f t  i j j  v j vf- - jj CM -■—< O  t-v CM C’j  U"!' f t  U0 0 j h  O  tv CM C'j "M" fv  CO
i ! ! i I I I
t* if;-
O  TV <1 CO CM O  CM N  10 4 05 05 M3 CM m3 CM th t-v it. f t  UO i>. UO C'l O  O'- O  f t  O  th <i CM UO CO N  CM 03
Ll U0 tv <3- U0 CO CM f t  U0 U0 CM tv h  ^  ^  3  H  vj CM O  M h h  h  CM *4" <1 1 CM tv U0 rv r j  rv
I I  II I I ^ | | 1 1
0  O  U0 ft 4 U0 CO 4  CO O' U0 00 *4“ CM CO CO •*“» th CO tv t-v CO 0-- *4" tv CO O  U0 O- 4  <1 4  05 O- N  N  it. 
Ll L0 t-v 4 U0 CM tv vj vj U0 CM 4  n  h h  ( M 4  h  ft CM CM CM tv t-v t-v t-v CM CO ID CM w  jo tv h  h
T-V
 ! 00  CO CO CO CO CO CO 00 CO CO 00 CO CO CO 00 CO CO CO 00 CO CO 00 CO CO 00 CO CO 00 CO1 CO CO CO CO 0 0  00  0 0
i i  tv rv  CM CM CM CM CM CM CM CM CM CM CM 00 00 00 00 CO 00 CO CO CO CO CO CO 4  4  4  4  4  4  4  4  4  4  U0
X  UO ft U0 CO tv  o  tv  CM 00 *4" U0 vj ijj vj U0 *4" CM ■*-» Q  i-v CM OO U0 vj 00 U0 CO CM tv  q  CM OO UO' vj ft U0
I I I I I I I I I I I
1 O  Ox CM O  O  ft CO CM Mli ft ft U0 U0 CM it- CM vli CO it- O  I t  00 O'- vli 00 tv <3- 05 CM O  05 OO 4  *4" O  CM
Ll O  I 4  »v 4  n  h  CM 4  CM 00 *4" *4" CM *4" U0 i'O CM 4  CO CO i'M U“ v j V j tv t-v CM CM Oj ft  "4" CM
I I  ! I I
•_i O  05 4  05 O  U0 O  CM ft CO 0- CO CM CM U0 CO 4 liO t  rv CO vj ft ft ->-v Q  4 IIS'. UO CM vj CO vj ->-v o  CO
Ll O  4  <4- t-v t-v CM 4  CM CO 4  4  CM 4  UO CO CM UO CO CO CM U0 vj vj tv tv CM CM O• <1 4  CM tv 4
T-V
 ! CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO C’O CO CO CO CO CO C’O CO CO CO CO CO CO CO CO C‘0 CO CO CO CO CO
X  C M CM CM CM i'M i’ m C M h  h  h  h  n  
i I I I ! i' : I ! ! I I i I I
_L CM t-v o  tv <3- U0 <i <1 U0 X  CO CM t-v O  -r-v CO U0 N  U0 4" CO CM tv O  tv cm <3- 05 LTI* CO CM tv O  t-v cm 4
i l l ! ) I I I ! I I I I I
O  vj U0 CM U0 CM CM N  O'- ft CM 'O' UO' U0 4  it. CM CO CO CM ft it. it. 0: 53- UO' O  O  CO vli vj C‘0 O  4" vli O  4
Ll t-v CM CM t-v iM r-4 TO 1 4  4  N  TV TV TV TV C’O 4  1*0 t-v CM CM i-v C--J t-v CM 4  C--J CM 4 tv ft CO tv i-v CM 4
I I I  I i i ! V  ! I I ! i
O  t v  UO' CO UO' CM 4  UO' O'-- O  O'- UO' vl' ft CM UO' CO t- v ft t -v  CM CO O  O  C’O UO' 0j it. UO' O  ft O  t v  4  UO' CM CO
|j_ cm CM CM t v  CM CM 00 UO1 CO 00 t- v  t-v  t v  t- v  CO 4 CO ->—■ CO CM CM CM t v  CM CO t v  CM 4 t v  ft CO t v  -t-v CM 4
 ! C’O CO CO CO CO oo co 0 0  00  00  00  00  00  00  00 CO CO CO CO CO CO 00  CO CO CO 00  co 00  0 0  00  0 0  00  00 CO CO 0 0
V  ft xjj vj vj vj vj vj U0 UO UO U0 UO UO' U1 UO 4  4  4  4  4  4  4  4  4  CO 00 CO CO 00 CO CO OO 00 CM CM CM
i I I I I i i i l l ) I ! i ! I ! I ! I i I I I i
X  CM vj UO' CM t-v o  tv 4 CO CM t v  O  t- v  CO 4 vj 4 CM t- v  O  t-v  CM CO 4  ft UO' CO CM t-v  q  -i- v  CM OO 05 4  CO
I I I I i l l ! I I i I I I I
LJ LL* 0 
Ll CO 00 t
i_i O'- U0 it. 
Ll CO 00 t-v
0  4 ijj o  tv U0 vj O  t-v ft ijj U0 t-v ijj
t- v  f\i 4 CM I'M CM CO CO i'O CO *"M CM i*M 4
1 I ! Y ! I
0 4  vj Oj 4  CO U0 00 CM N  CM CM CM 0- 
v CM 4  tv CM CM UO' CO CO CO CM CM CM t
vj O  'O'- O'- 'j-- 0
i.M t-v | i.M tv
Uj v CM tv
0- uo O  f t  ijj t - v  O  i.O t v  t - v  
i ' - j  cm t - v  CM tv CM tv CM tv CM
’ ! ! II
ij j vj t—i it. u J t-v 1. M vj 1. M 1.1.; 
t-v CM t-v CM CO CM tv CM t-v CM
IM O'i CM CM CM CM CM CM CM CM CM CM CM CM CM CM 0M CM
<j v j v j v j v j v j v j v j |t. | t  Ox fx f t  fx Ox -jj CO
M tv o  CM CO 4  UO* ft CO O  tv CM CO 4  UO* 'O O  CM
CM CM CM CM CM CM CM CM C'j CM CO 05 CO 05 CO 05 CO 05
st. ij--. -j-. it. 0 0i 0. 0i ijj ijj Oj ft ft ft ft ft
T-v T-v -Ov TV Y  Y  f i ! I i i
O  i’M uo Vl O  tv rv 4  4  O'I t—t vj U .* 4  CO O
I I I i I i I
O  i-v ijj UO* 4  4  CM ft 4 t-v ijj fv ft t-v CM 4  05 CM 05 4  vj it. U0< 4  CM 05 tv CM tv 05 O  05 05 UO* O  O'- CO
u CM t-v i"M t-v it. CM 1T1 i'm i'm vj *"’0 CM t-v cn t-v O’* i'M I'M > UO' i'm 4 4 t-v t-v i'm i'm tv | UO* ,vi O'- tv CM CM tv
1......................Y  I i i I I ' I 1 1
O  CM O  4 4 ft i-v C’5 ft t-v 4 ft ft 0. cm ijj vj CO CM vj xij ijj xij CO 05 O  CO O  O  vj 4 ft CM ft O'* O'- 05
: Ll CM CM CM tv it. CM O'- CM CM ft 05 CM tv 05 tv 05 CM CM tv 4 CO 4  4  *-1 tv CM CM *1 U0 CO O ’-1 1—1 CM tv
iH
_J CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM
ii! CM CM CM CO CO CO 05 05 05 05 05 CO 05 4  4 4  4  4  4  4  4  4  4  4  4  U5 U5 Ul UO U0 UO U0 U J UO U0 vj
~T~ x!j Ox i'O U“ i'm t-v f"« i'-J ro 4 L"| vj ft U~i 4 05 i'M t-v O  t-v i'm i'O L'~i vj '*’* U0 4  CM t-v O  t-v CM 01* vj ijj ij.i
I I I ‘ ‘ I I i i ! • I I I I I
O IT' 03 O'- >0 O- N 03 4  O'- N tj 4  O'- LO (M t-v v 4  03 CO 03 CM O CM tv t-v ft UO N UO CO O C- 0- r  4
ll h 1-1 y*i o h h h fM CO CM M h 4 CO 00 CM CM h h h v  CO 4  N h h 03 *-* 03 *-« th CM f*3 h h h
II I I I  I II I I I ' l l
O  M3 CO 4  N t-v 03 CO U0 03 v j CM CO t-* O'- U0 i-v tv <1  it .  CM N  t-i h  t-v O  O  CO M3 *-< 4  tv o  f t  f t  t-i 4
L l t—i t—1 LiO "Mi CM t- i t—1 0-4 CO CM CM t—1 U0 CO CO CM CM t-v t-i t-i -i-v U0 4  C’l t-v t-v CO t-v 03 t-v t-v CM CM t~i t-v t-v
—1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  4 4  4  4  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
i i  U0 U0 U0 U0 U0 U0 U0 U0 U0 v li v j v j v j v j v j v j v j v j Ox f t  f t  f t  f t  f t  f t  i j j  i j j  i j j  i j j  i j j  it .  it .  Q-. it .  it-, o
T-V
X  CO CM t-v O  t-v CM 4  U0 v j 4  CM C* CM 03 4  U0 Mi f t  CO CM t-v t-v 03 4  v j t-v 0  4  t j  f t  t-v i*m iv, u“i f t .  i-v
i l l -  I i ! i I I I
O  v j t-v f t  O  4  N  t-v U0 U0 CO CO CM CO f t  t-v o  N  4  U0 N  4  U0 CO O  v li v j  03 M3 O  f t  O  CM O'-- t-v O  CO
11 Vli CM f t  U~i i’O  i’M it -  t-v i'O t-v 4  CM h  v  CM 4  CO *’0  tv f i  t-v 03 CM t-v i'J t-v U_* t-v U~i i'O U_i t-v t-v t-v
I I  ' 1 i I I ! I I  i f ' '  I
O  O  CO CO CM 4  f t  ij--. x!j it .  t-v it .  i-v <1 i j j  i j j  O'i v j O  f t  U0 O  v li CM 'O'- v li CO O’- CO CO O'- t-v CO v j 4  t-v r t
L l f t  t-v  f t  UO CO CM f t  t-v  CM CM 4  CM t-v t-v 4  CM 4  CO CO t-v f t  rv  4  rv  t-v CM t v  4  t-v  4  CO v j t-v  t-v t-v
—1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
i£  t-v i-v i-v tv  CM CM CM CM CM CM CM CM CM CO CO CO CO CO CO CO 03 CO CO CO 4  4  4  4  4  4  4  4  4  4  4  4
X  O  t-v r - j i'O f :"i CM t-v O  t-v r-i ij"i x jj f t  U0 4  CO r-j t-v q  t-v r- i i'O 4  t j  t j  4  O’i CM t-v O  t-v i'M O'i 4  l l '  N
i i i i I I 'i I I I I 1 i
(J  U0  C M  t - v  03 f t  O'- C M  U0  C O  05  t-v  O- O  t- v  O  C O  t- v  03 U0  f t  C O  M I* U0  U0  v j v j C O  t- v  U0  f t  4  C M  U0  4  O  03
L l  r o  r - i  t- v  -t-v t- v  n o  i’ O  c o  t-v  u~i 0 3  4  C M  CM  x Q  t j  r-j CM t- v  C O  t - v  4  r -j 4  O’* t v  4  f t  r - i  C M  C M  t- v  c m  4  0 ’ < C M
T I I ' ! i I ! i i 1 1  I I  !
O  CO t- v  t- v  i j j  i j j  t- v  CO CO 4  U0 O  it-  03 CM 0 - t-v  03 0 - v li it .  4  Ox U0 CO t- v  0 -. it .  h  4  llO 4  CM UO U0 t- v  i j j
L l CO CM t-v  t-v i-v 4  05 CO t- v  U0 03 4  t - v  CM U0 MI' CM CM t- v  CO t -v  4  CM 4  CO t- v  i j j  f t  CM CM CM t- v  r-i 4  CO t- v
- J 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  4  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
ro  ro  r - j r - j r -j r - j r -j 14 r -j r -j r-f r -j t-v  t- v  t- v  t-v  t- v  t-v t-v  t-v t -v  0 * 0 * 0 * 0 * 0 * 0< 0 * 0 *  0» 0< 0 *  t-v  t-v  t-v t-v
Y  Y  i 'i 'i \ 'l 'l 'i 'i i l ‘ i I I i I 1 i i i
X  CO U"| co f t  <1  Ln 4  I'-J t-v  O  i-v CM CO CO CM t - v  q  tv  r-f LO f t  U0 4  03 t- v  0> t- v  CM CO 4  U0 t j  <1  4  CM t -v
Y I ' I I I I I I I I I I I I i I I ! 1
O  4  C O  C O  C O  O '-  t - v  t - v  ro  03  U 0  t i t  4  U 0  f t  U 0  0 -  C M  t j  O j  U~3 03  C O  O  O  05  C O  4  O ’-  x C i C M  4  C O  C O  4  4  f t
L l T-V CM T i T-V T-V 1.0 T-V Ij  j  -T-V ij-J -T-V T V  -I-V T-V T-V T-V i j j  T-V -T-V T-V 05  T-V C'-j T-V U J T-V i—i T—I *r—I T-v 4  4 * '.'.I T-V I.1.!
i i i I i 1 i I i ! I
O  C O  C O  0 -  C O  O -  t - v  i - v  i j j  r - j  4  U0  C O  O -  L O  U0  05  * t -  0 - 0 j  4  r - j  0 j  i t .  O  i j j  f t  L 0  O '-  L l *  4  U0  C O  t - v  C O  t j  05
i_ L  t - V  I j- J  i - V  i - V  -r—=. 05  t - V  I/M  t - V  I j - I  T V  t - V  t - V  t V  t - V  t - V  i j . f  i-V I i’ - j  -i-V  i j j  t - V  t - V  t - V  U O  t - '  t-V i T V  t - V  t v  4  4  T-V 0M  T-V 0 3
_ J  C O  05  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
V ’ 0 .  o  0 j  f t  f t  f t  ! t  t j  t j  t j  t j  t j  t j i  t j  t ; i  U0  U0  U0  L 0  U0  U 0  U0  4  4  4  4  4  4  4  05  C O  C O  03  05  C O  05
t-v t-v 1 j j ! j ; j j j ! | ! j i ; i j j ; i | j | i i j ! | * i | ! i i
X  U ' l  t ‘ i  i - v  4  0 0  '■••i O  t ’ ; U ' l  4  r -j t - v  o  t - v  o o  f t  U O  r - j  t - v  o  i - v  r -j 4  C O  r -j i - v  0 >  4  UO* t j  L 3  C O  CM  t - * O  —
1 i I f f Y I Y I i f i i i ! I I i I I I i
CO CM 4  tv 4 0i tj ijj 4 0* 4 CO O  tj CO UO' 03 t-v 4  CO O  CO tj t-v t-v tj CM 4  U0 O  t-i U0 tj 0* CO t-v CM
Ll r-j r-j ro j\j ro co tj t-v L3 t-v r-j CM Oi CO CM UO' 4 t-v 4 05 c-j t-v ro CO t-v t-v CO t-i CO CM t-v CM CO t-v cm t-v
! 'l  I i II ! II I I I !
. —i CO t l i  O'- CM t-v t-v 0 i 03 t j  t j  CO t-v CM 4  4  f t  03 CM CM O  L3 t j  O'I t-v 4  O  4  U0 O - t-v t-v 03 CO f t  i-v i—i
L l CM CM CM CM 03 4  N  t  llO H  CM CM CM 03 CM U0 4  t-v 4  03 03 t-v CO CO t-v h  03 t-v CM CM t-v 03 CM t-v CM t-v
 [ 03 03 03 03 03 05 03 05 03 05 03 05 03 05 05 05 03 03 03 05 03 CO 03 03 CO 05 CO CO CO 05 03 CO CO CO CO CO
ii. ’ U0 L3 U0 U0 U0 U0 U0 U0 U0 UO UO t l '  <1  t j  t l i  t j  t j  f t  f t  f t  ft .  f t  f t  f t  i j j  CO CO CO CO CO O'- O'- O'- O'- 0* O
r—i -r—I
X  4  ,v ‘ r - j t-v 0 i t-v r - j O’i 4  U”i t l '  4  t-v 0 * t-i CM CO 03 >-v 0< t-v r - j U_| *0  CM O  CM CO 4  t3 t-v t-v CO 4  C* CM
i Y  i  I I i i I ' l  i
&i-.v
G  ID CO ■*-! CO 111 05 <4" 05 CO CO O  CM CO 05 CO *3“ ^  CO O  N  N  05 O  CM ^  N  ^  <i
Ll  -»-* CM CM 'H  CM CO CO CO ■•-* CO CO ’ i  h  h  CM CM CO CM «4" I th  i'M I CM
! I I I I I | I
O  N  *4" O' - O  CO ^  M< 0-- CO CO CM '4 ' <4" CO *4' 111 M< Mi M' <1 N  05 CO »-i 
L l -r-i CM ^  CM CM 05 CO *4" •>-< CO CO CO •»-<•>-<•*-< CM CM CM CM CO *3" t-t
*-* N  <1 CM T-« 0-- *4" 05 CO *4" CO
* *-1 h  in CM N  ▼—i CM CM
_! <1 <1 '•0 'L' <1 M> <i <1 M< M> << <5 Mi M  <1 M' <• M' <1 <1 <i <1 Mi <' 'O’ <1 <.1 M5 MI' M!i M5 MIi MIi Mi Mi
-i t-( i-i •«—1 -i—i -r-i -r-i -i—1 CM CMid CO CO CM CM CM CM '*M h  h 'h  h  r  
I I ! i 1 1 i I i ! i I
<w‘ O lw> C‘
CM CO N  ^  CM 1—1 O  •M’ CO CM O  CM CO <4" 10 N  LlO CO *-« O  CM CO M- Mi N  M' M' CM O  ■«-* *4" M» i/5
I I I i i ! 1 i 1 ! I ! i i
0  *4" ID CO N  O' - 05 ’-i O-- ID DO' CM *3" *4" ^  CM M* *-■ •>-> ID CM
1 1 P.* I/1,' T—i P*4 *H P~l P*^  t-H P*j P j tH r-i r-! 1—* P*^  P*j t—i f**^  P*j 1—• t—!
O  M< Mi O  Mi N  O*- 10 05 ID O  CM
f*'i 1—1 |V, fv j f \ j 1—( i |--4 -r-i l- l 1—i r-J
I i I i
•_j CM ’M" CO Mi M< O  CM •*—* Mi 05 CO 05 *4" CO O'- liO O  CM O- O  h' CM 05 CM 05 1-1 DOi O- 05 IO O'- 05 1 CM
Ll 05 CM i-i CM '-i "T CM CM CM CO CO -»—t — i — i CM ^  th r i  C -in i-! r i >-i C5 -r-t C‘5 CM 0-I CM * - *  ’-1 CM
—I !D LD 10 uO iO iO DO DO LiO 10 UO L/0 UO LD ID ID ID ID ID DO M  Mi M* M  Mi Mi Mi Mi M' M  Mi Mi M' M  M  M'
id Mi M : L' N  ^  N  N  O' 0’i C«5 ffi iTi 05 O. r.\ 0-- O'- C*'- O  O  Mi Mi Mi Mi IP *4" *4" *4 *4" ,vi *”*“* '"'i 05 05 CO
t-; h  i t ! ! f  i j | i f  V  f  ( i i I
I  Mi N  ^  05 ’-i CO ^T DO O  CM "M" DO Mi CM O  ■*-' Mi 05 ^  «4 CM ■*-1 O  i~« DO CM CM Mi DO *4" 05 — : O  ■'-1
i i I I I ! i I i i
G  0- ’-i CM O  N  •*-* CM N  05 •«-» CM DO' ■*-< *4" 05 05 N  Mi 05 05 UO N  O- 05 N  05 *4" Mi N  *4" N- N  05 DO Mi 0
LL
i i
05 '3' N  ■>-! CM 05 05 CM CM ‘O' DO ■*--< 05 -r-i CM ,- i CM CM r>‘i CM «4- CM 1-1 CM DO
I !
Mi DO 05 O  05 05 DO CM M' O  CM DO CM DO CM ^  0- O  1-1 N  DO Mi O  O  N  CM ^  N  N  05 O  05 05 *4~ U5i 05
Ll ^  Mi -r-i ’-i r-i ^  05 ^  '-i CM C'5 '-I 05 05 CM 'nC Mi CM 05 i ’-i CM 05 ■>-; CM CM 05 CM 'n' 05 ^  CM U5> ▼-> i-i
_J DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO UO DO DO DO DO DO DO DO DO DO
id CM CM CM CM CO 05 05 05 05 05 05 05 05 c3' ■3" ^  ’n" '3' ^  'm' ^  ^  DO DO DO DO DO DO DO DO DO DO Mi M> Mi Mi
X  CM 05 Mi N  N  ^  CM *-* O  05 ^  M' N  ^  05 CM CM 05 ■s' DO M< N  DO 05 CM ^  O  ■*~i CM 05 ^  M< CM O
i i i
O  0-. ‘M" Mi ij - 05 05 05 DO h' Mi ^  05 CM 05
Ll '—* 0-I CM CM 05 05 i'M -n CM th N  CM
I i I ! !
i ! i I i i
■=t N  CM 05 CM N  CM ’-i ^  05 M*‘ 05 CM 05 Mi 05
i-i f-J CM I D0= DOi 0- CM DOi i'M 0-i h  ri i-i *n
i ! i ! i
0- ’m" 05 0
T I l’-j I ‘-I
I.'-. n_i
05
i_- Cm 05 O  05 DO ■=—i 05 Mi Mi 05 C'5 “M" O'- Mi O'- Mi CM i 05 ■*-= 05 CM CM O  N  05 i-i DO* h' 05 h  lC 05 O'- CO O
Ll t—i ■*—i 05 CM CO 'O' CM * CM ■*—* Mi M - '“i —  ~*i CM CM — ■*—< Mi u0= CM CM M* CM CM t—: ■*—< -r-; -r—* CM CM CM CO ~C
G  DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO DO UO DO DO DO DO DO DO UO DO DO DO DO DO DO DO DO DO
i l
CM 05 O' it 05 CM •rH 
i i i i i
G  O' 05 D0( DOi CM O  O' 05 CO 0 -- DO' 05 DO' ^  05 05 O  I''- 05 O'- 0-
11 -»—i •»—! rlj -t—i -i—i C’5 '—i i CM CM h  -i-i -m CM t~i CM 05 C‘5 CM ’—i CM
-r-t CM i‘C <T DO' Mi N  M' DO* M~ C‘5 CM --i 
I i i I i ! i
05 M' O  CM 05 'O'-- Mi 05 DO DO >>• DO; 05 DO
1/5 i'M i'M ,v' iv i CM ’-i CM -rH ^4" t-s CM C'5 ■*-'
I I I I I
i_ i N  DO' DO' *4" 05 O  'j-'- 05 O  CM ^  ^  O  *4" O'- Mi CM O  M' i!*"- '-i N  05 '0 5 i ^ C \ 0^ 0 > 4 , N M ) 0' M' CO 05
Ll '-I CM r-t -r-i C‘5 t-i 05 h  CM CM CM ■— i ■>—i ->— i CM 05 C’5 CM CM CM 'M" CM w  Cl' 0  W  h  CM •»-i '4' •*—i CM 05 ^
_J ^  'T *4" DOi DOi DO DO DO DO DO' DO DO' DO' DO DO' DO DO DO DO DO DO' DO UO* DO DO DO DO' DO' DO' DO' DO' DOi DO' DO' DO' DO*
id O  O  O  O' N  M> M' M' DO' DO DO' DO' DO' DO1 M - 'M 'M 'M rT  C‘5 05 C‘5 05 05 CM CM CM CM CM CM CM CM ->—• ■*—' i— i
’- i  'Hi t - i  | | j j j j j j j i j | i j ? | | j i | i j i | | i I I i ! i i i
X  CM 05 *4" DO' O  CM -^i O  DO* c4" 05 ^  CM M' DO' 14" CM O  CM 05 CM -*-i ■*-' DO' DO' 'T 05 CM ^  ■*_i CM M* ■m- 05
I i i I I I I
<*•
I I
CM CM r-i r~i *-! r-i CM CM CO ■»-< *-» i- i CO t-1 r - i  w t  cm CM h  n  r i  h  
I I II I I I
CM *3" CM UO O '- CM * P  UO CM O'-
1 ! T—! tH  CM -f—i 1.1J tH 1—1 CM r-
'> •  CM UO CO M5 CO N  CO O  ^P  CO CO CO *-« CO O'-- N  CO N  UO O  O '- UO CO CM
CM CM t ■»—i r—i r—■ CM ’ CO CO r~ i r~i 0 " i ■*—i t - i  r - i  c-4 CM » -t r - i  t ■»—i
 I px. CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO
il O' ^P 0”* CM *. M i.M *.'i r—i *i—- *-—1 ■*—j i r—* O' O' O' 0: -*—i r—i r—; r—t r—i r—i •»—i CM i'M *”M i'M CM CM i"M *"M CM '~M
— s i l l  i i I I 1 ‘ I i 1 ! I
X  CO O  O  -r-i U“ i CO CM CO < i  ■s' >:o O  IN  ■3" CO h  o  i - i q -  CO CM CM CO « P  < i  UO ' P  CM r~l O  CM CO 'P  UO
i I I i l l ! I I 1 I I
C J CM *0-- - 0  0 -- P x  UO xO  CO UO O  P x  CO P  O  CM CO N  > 0  CO CM 0 ‘- CO CM h  O '- ' P  0 -- CO CM UO CM >-0 UO O'- P x  CO
) i | r-t i—! r-«  -i—? i.11 i/1 i.:,! i—t ■*—f i *-j i—; -i—s i—i i—{ !"*”i t—i { •*—t r-i t—i r--j r-M r-.j i—i i—; r-j r--,[ •*—i
! ! ! I I I I
O  CO O '- O  O'- '•0  * P  '■■0 N  ^ 0  'P  CM CM UO CM O  O' - UO r - i  CM C ’ r - t  UO CM 0  - ' P  CO CO CM CM =P CO CO 0 -- 0-- CO
Ll  ■ p  CM -•—t -=—i —i CO CO CO CM r—i CM * P  •>—: CM r - i  r - i  CO r - i  r~ : CM 'P  -r-i -i—i ^  CM CM ' - i  ^  " t  CM r - i
_j  n  p x  k  p x  p x  n  r - -  n  p -- n  n  n  n  n  n  p x  r - -  n n n  p x  n  n  n  n  n  n  n  r - .  n  n  n  n  n  n  n
V  CO CO ■p <P 'P  'P  'P  'P  P - * P  'P  UO UO UO 1/0 UO UO' xO <0 <j < i  < •  < i  xO  P x  P x  N  N  N  0 0  CO CO CO CO 0 -  O'--
X  P  *0 P  CM r - i  O  ' - i  CM P  UO CO r - i  CM P  N  CO CM O  CM CO P  UO CM O  -r-i CO UO *-* O  CM P  r - i  UO
O  x 0  p  UO O  CO O'--
l j_  T—' T - i -r- i CM CO P  -r-i r - i  -r-i *3" CM ' - I
0'-. O  CO •?-- CO CO
C’-J 1—; 1—[ 1—I •*—! 1—! l“--4
1 i i
O  ^0 r< <5 N  <j- |s  <cj- CO O’-- O  CM P^ - 0-- 
r - i  i"‘*! CM t H  t - I  T-f i-i r«'l CO 1 ^  f:" ! CM ^  CM 
i i ! I !
CO '-0  O  0 -- O  CM CM CM ->-• CM P ^
; i “—i 1—i -i—i r - i  : : : U C M —'■ r—' ^  r—i
O - 0-- CM O  N  O - •'Ci CO O  h '-  ■'0 f-* 0 -  CO CO ^  v p  CO r—' ' T  CM t - !  •'-0 CO
CM r - i  CM ■*-< r—i CM r - i  r—i 0 0  CM r - i  r - i  r—i r - i  CO CO ^  "N" 0 0  CM ’1~' CM
i  pv. N  p-^ N  N  N  N  P v  P '  N  N N N N N N  N  N  P ^  N  P^- P v  p-v N  N N N  N  N  P-- N  P '  N  h '  N
D  Q  O  O  O  O  O  •:—I r - i  r - i  r - i  r - i  r - i  i —i -r-i r - i  CM CM CM CM CM CM CM CO 0 0  CO 0 0  0 0
_L r—i r-.i i'-'i -sO '’-j O  r —i U”i ^  00 r-i Q  i'J’i UO' ''O U0-: 'M" CO 0-' r-i Q  i'-i <^p s^l 00 i’M 
! ! I j j j ! ! ! ! i I i l l
u .- -  -. r  • r  I.
O  CM 0 0  CM < i  r - i  N  UO' O  C  O  ^  N  O  ' T  UO' CM < •  N  CM UO O - O  0'-- N  0 5  < '  ■O’ - '? •  N  m 5 O  N
‘ * I = • r - i  -r-1
\ ; J  Li i r —i r —i !_i'\ !! J  i \
O ': r - i  r - i  r - i  f ’-i
- :  v M  i.--.: i. -r v . i  r —i I. -J IW I i.M
~i CM V .i r - i  r - i  ‘.'-j ! . \ j  ! . \ i  r—i
CM CM
0 UO --0 r—i 'M- CM P'- *«5 P'r O
0 '0 -0 '-0 '0 --0 •■O'- "0 -0 '0 rO -'0 '-iO -'.j '-0 vO 'O N  N  P-r N  p - P- p--. p- p^  P^  P^  P'-
P-- P'- iJ.: i.O 00 uO L'.i 00 O'-- U-- 0..= vp CM CM CM
|L: r-i I'-j r-i Q  ^  CO '• N O  '0 UO
K  CM ^  0-- Ll* U'O 'M' 00 h  CM O  O'- rH p-v %Ci O  UO' O'-- UO' 0'-- CO O  r—i 05 00 >Jli !v- CO 0-- O  P^  CO UO ^  00
!"!*i r—! r—i r—; r—i -ip I M r—' r—i i -'4 i 1 I I M U r—i M I M ' ’-i r—1 r—! I *• j | xj ! *xi i *-i i M i r—i I. '*4 r—i 1,1J i.1.1 r—l
! i i 'i ! I i ' ! !
— i_j r-i CM •xp O  'ip ''O xO CM O  'xp CM O  O  O  'ip xO r-i IjO O  P^ Px CO CM r—i 0-. O' CM O  O’- 
Ll  xp r - i  r - i  CM r - i  'P CM r - i  r - i  CM CO T~' CM xO r - i  ^ p  CM CM CM r - i  CM x 0  CO CM CM r - i
CM CM O’-- ' i t  UO 
CM r—i CO CO r—l
< !  x ; j  x!J '•:*! x£i j  x_l x J  - i j  x^l x ‘j  x l.l x ’. l x l j  x1.! xi.1 'J_ i xO x '.l x i j  x!.i x^ l x 'J  xCl xCi x!_l x _ !  x!_l x 'J  X^i x :.t x^! x '.i x£ i ' O
^  CM CM CM CM CM CM CM
re i' M ,—i O  CM CO UO P x e^ UO 00 CM 
i l l  li-'I
0 0  0 0  CO 0 0  0 0  0 0  0 0  'P  'P  'P  x p  - ip  ' p  'P  'P  U U O  L < U O  UO UO UO' UO UO
J r - i  CM '0 '  p x  UO ' P  CO CM r - i  r - i  CO ^ P  UO'CO «P x ! j  xO CM 
i I ! I !
lj uj <.u u.i y  v.i w  uj h  uj ><j ^  w  v; *r
11 t-I tH t—I T-t C-4 CM T—1 '“I H  H  ("'4 ■»—( H  H  rH h  h
I I i t
0  CO *1" O  UO CO CM CO N  CO 0s- CO ’M" CO *3" CO T-t CO
1 I T“ i  1—! !/■.{ T i  C-4 CM T—'• . T—‘ T -t 1-1 T -t T-t T - i T—1 T-t
 I O '  O  O  O  O  O  O '  O ’ O  O ' O '  O  O '  t-i T-t T-t t-i
1—i 1—1 T-t 1—1 T-t T-t 1—i 1—! 1—■ 1—1 T-t T-I T-t T-I T-t T“t 1—1
, i i  C-4 CM CO CO ■s' UO UO UO UO 0  0  N  CO CO *3" 'cC
i CM O * i.M  0 . i  T -t t.M t - i  t - i  t.M CO T-t » o  CM -i—‘ T -t t —i o *
i  I ! !
0  CM *s" O- CM ' s '  CO t - i  %!j CO CM O  ^  CO O  0 *  *3" O
1 i  t —i t —I t —i i  m T - t  i. M CM CM *. M t —i T - t  CM T - t  ~—* L M **—i T - t  CM
UO UO CM UO CO O  UO O- N  CM t - i  CO 0  0-- N  CM N
11 t—i i —i CM CM t - i  CM CM CO CM t-i t-i CM t-i t-i t-i t-i t-i t-i
 ! i.i-. Q-. i>. i>. Q\ cj-. Q\ i>. fi\ i>. i>. i>. i.!-. o O  C1
H  t—» *H
i l  CO ■3' ^  ■M' UO UO UO 0  0  0  N  N  N  CO CO O  O  t- i
T  ij*> I'M o  CM C--J r - i  ij“> r - i  I'M O  CM I'O T-t I'M  CM T-t T-I
I ! i 5 i 1
0  O  CM "ST C *  O  UO O  O  O  O  O  O  N  0 3  CM ‘O'- CO >0
Ll  T-t CM t ! t-i CM T-t i'M  CM CM T-t i's  t-t T-t i-t i-t i'-j i-t i-t
! ! I i ‘ I i I
i_ i i - t  O ' - s '  CM CM CO O  CO O  O  t - i  CM N  N  UO M - N  >0
i I 1—i T—I 1—i T—I lt 'J T -t ! '.j 1—| 1 M T -t I 1J T-t T -t T -t T -i I. M T -t T—i
 I i> .  ij-. O- O- 0- O- O'- O- i j  - 0  0 -. i> .  O- O'-- O'-- O '. O-■ 0--
q  o  T-i t-i t -1 -r-t -r-i t-h t-i i'M  c m  CM CM CO CO CO CO CO
_ L  ' T  T -t L”  CO <"M t-1  o  -r-t i'M  ' s '  i'M  O  ls "  U~ CO T-t i'M  C«'i 
i ! I ! ! \ ! i I
0  CM CO 0  -- M l' 0  CO t-i i>. t-i *3- o  CM CM N  O '- O  'M" 0
- i  I'M  I'M  T -i T -i T - i i'M
! !
CM
Ll
is '  !"-• s '  CM N  CM CM 0"-- CM CO 0 3  O  CM 0 i  C s
CO 03 CO 03 03 03 CO 03 03 03 CO 03 O'--- O'- 0'-- 0'-- 0'-.
f--. is . r-v O'! I'n  i'O  i> . i> . i> .  i'M  ,_M i' m  r - t  -r-i T-t
............. i 'i i i i 1
CM T-t %+• U0 T-; CM CO O  CM 0 3  CO t -i  -r-i s - CO CM
0  s '  0 3  0  N  CO CM 0 3  0  h -  U0 O  UO T -t 0 i  CO CO CM h
1 ! 1—i T-i I M -—> 1,1 I i. M 1—I T-I 1*1 T-t I 1 | I 1 | I M T—I T-t I, M I, M L1.1
'i ! I I i !
|_ i U0 N  'M ' 0 3  O  U0 U0 ^  0 3  0  T -t UO CO N  T -t U0 0  CM 
L l  t - i  t - i  i'M  T - t  CO CM i - t  t - i  CO - r - t  CO CO CM t- i  i - t  CM CO CO
 I 03 nj 0.1 1.1.1 oj h.i i.ij CO 1.1.1 1.0 i.O 0 ij.i O.i O.i u.i ijj u.i
0  CO CO CO 0 3  CO 0 3  CO 0  c3 ' ' s '  0  U0 U 0 U0 0 >  0  0  0
X  U0 CM T-t O  i-t CM 0  0 3  CM O  ^  t - i  CO U0 t-i O  t-i CM
i ! ! I I  !
BIS(PYRIDINIUM) DIAQUATETRABROMOCHROMATE(II)
—« u. I < w » - ■ — t—!<• rHin-1-1 — — <nNn— T-nn-ix•n*>n-o-mN-triirtMNinnM-iMM01 I
■— i 
0> (/> I
*1 
■o
ft. o  i  N - o i n T n o o i n i M i s o o ' ' 0 - o i D o < - i i > > T r \ M o >> - < n i n t i n c s o x i , ) - 0 ‘4 o ,H n ^ n o T ' O r < i N o i n s > o - o < - i M
I N ' O t r t l r t a i o - N l D ' O N x l o n n i n i n M O N M D N O - i l O O O ' N i n T X N O - O W O ' - O O ' O - l O - O O . ' O y J o N M O r H
i»  I s -  cm T — r v c o i n t N ^ r M n  n  n  - o « r T - t N t o — i ^ r t  cm i d m w h - h  cm cm co —  — cm - h —iro tN C M
«i i MnNoo-ininwM'N«oa)r<)(NoO'(»MJoo)M-«oOrtrto.N(oiooo»-oT--<M-i<)ino.NO'NooOioo-oM-‘0 
j o  i c o r > ( M - o o - i n c o c o - O N < - < i n i n n v i i D ' O n T o o N n o i N o o < N - O T O N O o o ' M - c a o o - o o - i n r s n i ^ O ' M i M O o  o  i  <«■ cm —• - M * o to m c M * r r M r o  —■ n  ■ o t t n m — n  cm i n r i ^ - — ■—  <m—i - t r o - r  — cst —i —<cocmcm 
u .  I
—I I C M fO O —in c o O - jC M M O - H C S I r o O - M C M r J J O —• C M r O O x C M M O -M C M r o O -M C M M O C M O —i C M 0 t * 0 0 0 —, - mC M 0 ’ -*PM
i s--»corot*>MCMcMCMtM»-i^»t-.oc>oo-T-HT-•-MCMcMCMCMCOronroTT'W'M-inm'OMi'OrNrMootorMCM^-tooo 
I I I I I I • I I I I I 1 I
I | I | I I | |
x  i tnmininminmininminminininmmmmin4nmininminmin(nmintnii‘>inmminmininmin’M’'^*,** -^M‘*r****ri i i » * i * i » i i i * * * » i i i i t i i i i i i i i i i i i i i t i i i i i i i i i i t i i i
w  i 
•*< i 
i n  i
o i f^ vr>>nrofno'<S4M^^ r'^ 'iN*v*.fs4ino®&',^“a‘CooorM»Ha>ou^roN0 r^co^ -cNoco«loo^o»Hfo&*rn'Oo
^  t in(NN^(o^iOr)0(MOTQ)S}ol.o^*crsQ)<oNro'OoTr)Q9Cii(M4rrvin,r^'0«a,<HN'0^cKi^rOo.CiiTo03r)'Okito  I  (M<N N  *-•
ia i rN.foCM^ rs.fs|T0ofs*0'f,v‘ir>^ ofnr^ «C0'0irtrv.'0orno‘^ 'o^*HOcMT0fs.rs>^-,i0rskc0f\i^ *rv,^ infs*'0C,s*^*^^o^
jCi i co-^ r^ roO'^ -»cooo'0<h.ooors*rv.CN-4)r>.<Mr,^a3^ 'rofnfNnnsoin^ ',^'r^ *^*»-«f>‘'OCJoo*rt^ -c>*co’-,*oooro'Omo i cm cm cm «-< <«( r^o^ncM^m
u. |
-J I 0»HlNfOO^(MroO^ <No^ CN<^*-'f><0^H(NO^ Oo^ O^ <NO^ -<CN4o^ O',-,fNtno*HCMfn0^ rOO^ lNfOO^
i o o o o ^ ^ ^ H M ( M t M r o M p ) ^ ^ ^ ,irtirtrt,Oio^*CMCv4oH^^OoOO'^(D®floo)Nfsfsr\,o ,^ ,oirtioirtirt^ <ri t i i i i i i i i i i i i i i i I i
I * I I I I I I
ac i *o<o*o*o*Ca^)'OTO'0«o'0*o*o*o*>o,^'0'0'>o*0'0*o*,oiniOininininv)(nininm(nintntn(Ominminir)minioinioin
i i < t i i i i i i < i i i i i i i t t i i i i t i t i i | t i i i i i i i i t t i i | i | i | i |
Ll. |  CM CM CM CM CO CM t- *  M  M" CM CM CM C M C M  i f )  CM <M Wi »n  i n  CM CM CM CM ^ « ^ « F 0  CM M  04 CM W>
w  I
•H  I
i n  i
o i i>*ooo^ioocoinro»HO'0^ro^ina3r>.^-comooroiD^oro«o*-«oocNooOrvOO^-^-*r^rocsiuo^in^mroooa30rooco 
^  i m t »h o. rs.cwo^’^ c ^ r v M o ^ n N  cs*HiN<tinMOO»Hfs^oooo»HWfs.Nin^,a)0'a)M^CMM<r*oNosOM
to |  « 4 w v 4 H  o H M ^  CM *H  «-4 (M ( M « 4 ^ f i J  *■+
Cl |
tf* i ^ ( M n N O ( M * O T O ‘< < o i n « o ^ o « M|M « - < < H i> T |/ ) 'O n O T e D ^ >a ) Q O N O ) o > o r < x o T M * o u ,) a 3 N r < ) ^ o O k^ v ) * o C D i 4) ^ ) M
j o  i  ^ * 4 r o » r M r o c Q r o o * r « > 4 ~ 4 r v r o o * ‘ M ) r x r * ) 0 '« " « ( M r ) ^ ‘ * r 'O r« ) r x fM a D « -4  0 ~ 4 r * ) r v i f ) m u >) o o o o '» C N f « o « - i i n f j * > « o i n o ' . o ^ '
o  |  *-« ^»rO o-» *~<^C M  CM ^ ^ ^ C M ^ ^ « - > m C M  ~ * ^ cm c m ^ ^ - cm ^Ll. |
—f I OoHOoHCMOTHfMOoHOoHOoO^ O^ «(NO»-'NO^ CM^ (MfOO^ (MO»H(MfOoH(MrtOoHfMroO^(NMOoHCMM
^ i oo<^«Mi<^*cMCMCMtnrn^'«rtncM*^«-iOoo&«OHOT.a>oocorxrskrNk*CKO*ominmin4r^’«rrorofor)(McMCMCM^«H«-*<^
I ( I I I I I I I I | I | I | I | I | I | I | I | I | I | I |I I I I I IX I rsrfsrsf\fsf\NfsrsfsNfsfM^)0>0'0«0,0«0'Oo*0'0'0'0'0,0'0«0'<3MJ,^,0,0'0,OsO‘<)>0'<3*0'0*0,0*0'0'<0*0'0
« I t I t I 1 I 1 I I t t I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I i I t J
w  cm ^  cm r o  cm m  m  i n  ^  <m  m  <m  m  cm r o  f o  «-4 m  cm f o  cm cm •-« cm  cm ^  cm »h  cm t- i  ^  ^  cm * - i ^  ^  vh  fs j
(MoM^tfj^oOrsO'OW^OOO'O'OinrsO'OrCJ'OWNChTCOriNM^CD^TO *4Nrs*C(M^^'Oin^OC4<lO O
cm ^  fM  ^  r o  cd oo  cm rs . i n  oo cm i n  ^  c m 'O  r>* w  rs . o  i n  oo ^  o *  rs. f n  r o  r >  o *  * o  cm o  * n  *o  m  fm  o  ^  * o  a>
CM CM —* CM«~* «“ • —« CM CM^*CM«-< < ^C M < -*C M C M ^ ^  C M ^ -< ^ ^ C M  CM C M fO ^
o  o  cm *-« M) fm cm ^  »h  o» fn. ©* co  os  oo ps. o  cm ©  i n  cm>o  cm rs, -*r qq ^  *h  « r  c** co ©■» i n  cm cm m  o » * o  i n  cm cn  o
o o r x ^ - o c M T - » in 0 3 'O F O ^ o 'O r v C M in r o o a D p o * < » c o c o ^ - 'O c s 'O o o 4 n ^ - c o * o c o r o in r o c o - o * - * o v M * r v < - in m o s m M 3 C O r ^
•H IM  CM *H CM*h  o-* CM *-• * - t~ * C M ^  *HCM*-iCNCN*-»*-t C N M ^ ^ - tC M  *H C J M o i
O O O T H H O ^ O ^ ( M O * ^ ( M O ^ C ' < ^ r ' l O o - i O M ^ O O ^ O ^ H N O w C M O » H M ^ ( M O ^ N O ^ ( N O o H C ' I O ’ - 'C 4
I I I I I I I I I I I I I I I I I I I I I I I I
±0b
cm u .  i  « r  ^ rrM ro c M C M C M *rro  cncm m r o r o c M  ^ C M C M r o in ^ - ^ - c M  r o - 4 *HCMcmo-h— c m c m r o r o * - * ^ —<cm* h—4*-« ,-4 , - t , - i r o
o  i  o *  s o i n M - i n i n i n r s r o ^ r i n  cM -o « -*o -» r> .« rc m c m r o r o ^ f N . r ^ r o c M in © r o m M ?  *0 0 0  o o & " O o in o o & " O C M o o O H r ^ H
*-• 1 r«s rsrM*-*ro<'coO'inf'so*rs»rs*-4CNOOomroinrs^ o^ inToCMfs.cororo<>-roro©oCMo ©minco*-'in*HCM0o^ -cM*-4in 
10 1 cm ^  cm m o -4 »-icm m m h  ^ H *-« ro 'O o -itN C M M “ cmcmi-o • - • fo  rv c o m c N C O  H ( s i n H r * ) C 4
o  1
U. I
\A 1 m  mroCM^r^r^CM o-4CMrMmoo r^oCMco'Ocoinm'OmL‘>o^ mco roroCM^ro^o-CM *-‘in CM»-»c>^rs.i>'(M,<5in<*‘'0,*’m  
jq 1 tv. fM^ o-icv4Cr"000'^ ocMOO'<iCMcKO-r>.CK^ -irv.rs^ cMODm^ r'0'Ofv-T-*^ Ho-r^ -^CMo-imcofs^CK>ocoCM^ *CMTOf^ rs.mfO'<5
O  I CM^CmCMo-» CMfO • H ^ C N  fMCMo-1 0-4 ~4rOlC) - 4  CMCM CM lM rO "+C4 ^ T^tOc^tO
U. I
_J  I CM O r H ( N O T H ( N O ^ O ^ O n O - o O J O ^ C T | M O H C M n o ^ ( N f O O ^ C M r O o ^ ( N W M * 0 - 4 (M M < ^ T 4 C M p O M -o ^ C N M
^  1 rv coco03CKO'CKOomroCMrsi—•^^oooocsc^osO‘Oocococor^ rsr^ fvM5>o*o>0*0inmt^ in'^ *^,^‘M“,M‘romroro| | | | | | | I | | | | | | | | | | , | , |  |  | , | , |
I I I I I I I I I I I
x I to mrorOfOmromroCMCMCMCMCMCMCMCMCMCNCMCMOMCMCMcMCMnCMCNCMCMCMtMCMrMCMcMCMrMCMcMCMcMCMcMCMCMCMCMCMI* * I ■ I * I » I * I » I I I « I t | I | I | t | I | I | I | I | I j I | | j f 1 I , | | I , | j f
a. 1 *-«rom^ o-4^ <^M^ CM»-**Hin,-«*H^ cMcNi^ ro*H*-iCM,-,^ ~^4^ *Hrom^ 'o-ifo*-«o-«m*-4mcM*-*o-iCM^ o-»,«,tM^ iM
xn 1
•H I
cn 1
ci 1 -V rN < M © in o ro O a )0 '(> T N ro 'O r) in -4 » H io » - '^ ,4 rT *HM, f>‘ ^ - r v a D ^ '0 ,<3 (> 'C M ^cho.© oM a5*H (s y3’«030'C s*u it> ‘
•-H 1 cm C M roO soooin<M rom M -*oo ’^ T^r^oCMinCKooorsOOcoO'o»ninM3cMO«-rvro<M ~*co in -o *H in ,^ r o r,s“0*<>,,,*oCM tn  m
10 1 cm ^  *-«cM m ^-in*-4ro&sroin ^•rocM»-«»-iM,cotnm"-«ro^'roCMcM<M inoouo^r ro H H N ) H M in M W
o 1 
u .  1
Iff I CM * 4lr t fs‘ in ^ N M ^ O w O ( > .^ T O & ‘ f lO N M iM (\rO T O ^ (N ^ O 'rs ^ M f< ) l/ ,) M ^ N C ) ^ in ( K ^ in 0 5 H ,OM,^ f M ® '0 ,H
j q  1 to ^ ■ ^ ■ < ^ o o o o o ^ r ^ r o ^ o o ^ H < r o o ^ ^ H ^ H i n o o t M ^ c o o o m ^ * i n ® c M O * c o ^ H o ^ ’ o in o o C M in C M ^ o o o o c O fN .O o o , r
o  1 cm h  ro in 4 |- in .^ ro c r.fO in  ^ r ^ ’ CM^H^Hinoo'O in^^inmcMcMCM in  co in  in  ro ^ i ^ r o ^ r o m r o m  *-<u. 1
_j * o  ’-*cMM-o*^CMro^‘0^cMro^’o^cMCO^-o*HCMro,M-o^CMmo»-»CMm^»o^cMMO*-iCMroo^-,roo^cMmo^H
ci 1 co rM^ 'rNCM**in'Os3‘**o~iroo^ oHinoco^ cMino©Tin^ oM>^ *inror^ -^r0cr>corv*-«o p^ r^ cDroCMoOscM'OmCMTOin .-h  cm *^r^ mcoroo^ »HrsV4-«o«.'0'M'CKror^ roo^ -CM|s»rorMinroino-» c^omoo^’rooo^oOroCMo co
to 1 cm cm cm ro cM *H cM *H  ^ 0 - 4  - 4 ^ * , - ,  ~ *ro < M  cm ~4 cm cm <-«ro'*“ * r o ^ 'c o m m  —•
o 1
U . I
ia 1 r4 0c4iso^oo«4oH(>.*4fs*o^».o«TCrs*0'ON'0'C'ON'0«at<ro&«in4r'OoTO»4M<QO<ctoV4iCfstN>r)Nino 
jq 1 m  ^cM^^rMinm^-cM^torHinrvrooocM^oo^Mj^rorM^inroco^-^mmroincMm&ofvcomoo^'roCMinOOoo^ro^oo 
o  1 cm < **m  cm cm t o ^ 0 - 4 cm »-* ~4 * h  —*cmcm 4-1 h ^ , t h  • w c N 'O r o  m -0-4cm ^  roC M M r o  r v i n  0-4
u. 1
«J  I CM M o ^ W O ^ ( N | N o 4 M o ^ C M O H M o ^ * H O C M O » 4 C M O H C M W O H M n o ^ ( M M o ,H C M fO ,4 C '< M ^ ^ C < r ) ^ '
1 ro ro^^,^r'M*inmininM3'Or^ r^ rMCx>o30oos&'FocMcM^ -H'-*oooOcsO'aTO*Toocooocor^ rvfvrv^ )'OTominininin
I I I I I f I I I I I I I < I I I I I II I I I I I I I I t
x  1 ^4rM,M“M,M,M,«rM,4r^r^*M,5'M,M,M,M,M,r)ror)WMWfoMr)iOMMr)ror)rOMr)roMMMr)fOf4)roMWr)ro 
1 1 1 t t 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 < 1
•“* L l. I 0-4 rOtnCMCMT-H^-o-4»Ho-4o-«*-4^^ 4^H*-4*OT'HrO"-«—lCM,-4*-«^*-4*-4~4CM*H^rO*“(^4-“,in,'-4 •H^-L^ -^'ICMCM^CMt^ C^M^H10 VII
Cl .*4 I
u. (/) 1
♦ *
o  *
• h  o  1 C M ^ M '^ ^ r c o C N o o o c s —« ^ , o o r o 4r ^ H O « T in * o r x 'O c M < M c M C O » o c s o 'O o o ^ o —i ^ r o o o  r o r v O r o  o  ♦m O o -O t o ^h  ro
#-4 1 o  M , i o r ) 4r ^ M ^ s ) W C K M , r ) i 4,) i n O M ,N M ' N f s M r t O T O * f ^ O ' ^ 4 f o * o i > * r o o » 4 ,O i n ' 0 » 4 0 ‘ o O o o , T f ^ * H f >T M D  
*0  IQ I r o  r CM 0-4 CM rO «o < M lM C M *-«*- irO -H  CM rs. CM CM C M ^*C M ^TO C O  »4CM'0*-»CMCM M * rO ^ * ^ C M  *4 f*> cm r oc a I
10 u_ I
IA
jCi u i 1 * o  *h cm  • h o o O 'o ,~, c m ^ '^ ’ Cmoo»-4 ij- jc m o 'O c m O '0 ' 0  -o C M u -jro  c o m o * r s  o^cm  'O 'M* ^ * fs » r o  c s ^ -C M rx r o  w O - o ^ c m c m  o  -o
o  j q  1 c s  ^ ‘ m c O M 'O s 4r O m r o o * ^ ' r o ' 0 <' r O r o c o o o D c o o * < * o * “ , '0 0 ‘ ^ i O ~ 4 r o s J f ssro<>'»CM’,o « 'O C D iM © o * O r o * H ^ - 4r c M fs'. c o o o
Lu o  1 cm  cm 0-4 t-4 ro « o c M C M (M « -t*H ro ~ 4  cm rs . cm cm cM-^ C M ^ * r o M ‘  tf4 cm 'O o-4 ^ 4 cm o- i  M * ro in r o C M -H - 4 r o  cm r o#  ii_ 1
o
_j 1 o  ^ (Mroo«HrTiroo*HCM0^4CMroocMroo«HCMroovH(Mro^TO*4CMroo<^4CMro^o •HCMroo^CMmo^(Mroo*H
I I \ I I I I I I I I I I ! I I I I I I I I I I I I I t I I I I I I I I
m mm cmcm -4<n cm to CMin -4m *-icm cMincMm ^*cm cmcm -4-4 -4,4 cm 44 cm ,4«4 4-i«4rM
▼  cMmM'0Mo,0'O,T0HWMM,©<MO©Mn(MH000»*0inwincMin'0irtoV‘in© 0^tn^^N'on<rcoM >^ Or 
©MCMMMNMWOlAO*CMflOOM,fHa)OlrtO"OfnO,4r*n<Dino»OTOMrO<rM,W4rWTONO»CM*00,(MN 
•H * - iM *C M m  4-1 m  CM CM 4-4 m ^ r m - 4  CM (M 0 D M >,O « H (h « - iM -  —• lM ~ H lM O " O m -4 m iN C M (M 4 4 m  C M C M m O '*-!
0 i oo —4 <r fs 0^  >o - ——• w  - »
jo i «r fs.omc^ajiomfMOsmcM'Ofs.
o i Hninnf) —* — ---- -*-
C M 4 - 4 © * o ^ r r x in 4 0 ^ o © C M © © M © C M  r s o -  ^ c o o r i n m c M  m 4 4 © ©  c o o -  so ^ ' O o  c o m  cm r s . r o  u r o o s r s o
to m  rx  m  cm M) 4-4 m  rs. cm r>. ro oo oo m  rv  «h  o  o  cm as cm m  m  rv  m  ^  «o oo o  m  oo m  to *o cm'O m  o• h  m  cm m  4-i -o  m - ^ * - 4  cm m o o * * r v , 4  0 '< M in  44 cm O 'c o - o  m - 4  cm m e n  cm *-* cm roC M ro o^cM
mJ i •Ho0 4-4CNo«HCM04-'CMm04-nCMroo~4<Mmo4-'CMmo4-4CMmo«4CMm^'o~*CMm^>o«-«cMro^‘o~*cMm-H<Mm
>c i (Mcn^i4^ooo©‘0»0'cr©cococoNNfSkN*o*0'0'Oininir)|ftM,^ M ,^ M ,nMroMMMcn(MCMcn44 44^44oooH h 4*44 h H h  I f I | I | I | I | I | I | I | I | I | t | I | I | I | I | I | I | I | | I |_ I I I I I * I
X  |  4-4 0 © © © 0 © 0 © © © © © © © © © © © © © © © © © © © © © © © © © © © © © © © © © © © © ©  O ^ O O o
u  i e** rsC>*o,om©m©r»s©M*cMa-mcM^mCs»rs.©*M) ®©fs-CK©rv»-*^ fs.rs.M'4r cocKM-^*momcMC^‘oiCM-oM‘cr.fs-rs.
i cm m O 'm O s-orsM ^rv c M m rx ir)c o m ^-© o o o so-o«.lnesoor^^-O M 5M '^m -< i'O m C M >oO ‘ ro © -4 0 s ^ -m 1n ©  ^ c o m c o  <o i cMcow i^ninOTtMM^M- m,orstnm^rCMm^ 4»4^ ,4-i^ i -omrsmm m •-* in^ -^ rcM ^  «-im~*
«A I ,
JO | rs  ©  CM CM O '©o i CMcsm “
« o ^  cm-c o - oo ^ *  ©  m  o  co ^  oo r s  i n  «o  © - n  (>*• cm *0 o  o  r  ^m  ^  rs cm 4r ^  cm ^  cm r ^  M) rs . cm m  m  cd 
irMO'©M‘0*'O4-4rs.0s'Ofooo^ cM'oCD*4-4*crs*oe*tnM‘©CNtnmcMCMo^«o©ro©o*omoo^‘&' tooin^ro 
in-o ©cm m«H^* i D 'O a j i n r o ^ ‘ M ,< 3 4 H ^ 4 4 * -« 4 4  -oinrsmm*“*CM cm M-mmcM cvm^
- J  i  4 - * c M m ^ © ^ 4 C M r o ^ ‘ © * - * c M m © - 4 c \ im ^ » © * 4 C M m M * o * - * iM ^ ‘ © * - ' t M m © - H C M © 4 ^ iM m o ^ 4 C M f o * ,* c M ®  - 4 CMo ^ o
i i i i i i * i i i i i i i i i i i t i i i i i i i i i i i i i « i i i i * i i i i i i i i i i i j
xn i-•4 I
in i
CM CM in  CM ^ ■•MTM'OfOM* CM CM cm in  CM CM CM CM m m  CM ^ 4-4 CM ^ 4 »4 * -4 -4 ^  CM (M cm in  in  CM CM ^  4-1 fM CMCM m »^ 4-4 © ^4C M T©
c i i  m  4-4 M*in m m  cdcm cm 0-. 4-4 m  rs m*H 4-4 4-4 cm—4 rsrsfs.M-m  m i mrs in m m  oo 4 - « ~ 4 ^  m  rs co m&*-4  c d  <^ rs*M*©
h  i  oo nrrsm o* oo osn rofocc^m-o m o  ro cm O'*4 cm in n)ooO'©44440incON4c«40'in^ ,T©*o(Mo^©©(h<iO'04r©co i m  m  «-4 ,-1 cm cm ,-4 m  cm m  cm 4^ cm cm4-*-o m*oom-^ » ^-cMmr^r^ oomM- ^ m  cm
a I u. i
iA i ©  o-(Mo-M-rsCN4inmO'0©«4,o o M ,cMO'fsiA»4 rs^-mminrsO^m cM^rs ^ ■m^mrsooo 4-iin -ocm m4-«cM©o»
j o  i  M , c o M n c o m « H © » o i o o * i n ,o c o ^ , m o o © * o © M ^ i n N C M ^ ,M ^ N 4 4  0 5 © M 'm N w r * N ( M « M c M ^ ( M O ' r s O ' f f l i n i no i cm cm 4-4 4-4 cm 4-4 cm cm 4-i m iM m cm 4-4 cm cMCMin^ rsm*** 44«h p^mcM'OfS'O'inm _4m cm
Ll.  |
-j i ©  4-4CM©cM©©©4H©4-»cM04-4CM©4*4CMm©4-4cM©-4CM©44CMm4r ©4-«CMmM*©4-4CMm4r©-4CMmM-©^4CMm©
I mCM CM *4 4-4 ©  ©  ©  i
i V i T i i * T iCM CM CM CM CM CM 4-«4-4 4-4 4^-*4-4-4 44 4-4 *«, 4-4 4-4—♦-44-4 -4 4-* -4  ,-(4-4 4-4 44 4-, 4-1 4-4 4-4 4^-4 4-, 4-H-4 4-4 4-1-4 4-, ^4 ,-4-44-4-4^
I I I I I I t I I I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I t I I I I I I I t f
4-4 CM CM-4 4-4 tn  CM ^ 4 4-4 44 4-4 ©CM CM CM cm CM cm CM CM CM CM 4-4-4 4-4_ 4-4-4 44 CM'0 ^4 -4  CM m  44 44 CM 4-4 CM CM CM CM ^M -m CM m
ci i  co44m©coco©rs-o^O'44rvcM^4C04rCK44m ©co44rsmc>'^‘0'm,M*co©o^*novO'rvmmoo-4rsmoo©'0©©cM h  | «o ©-4CM4-trs00cM^ rc0 4H^ -m«o00cr.cM-4r m^'M‘^ -CMo-00 4^*H<iincM00^ -O‘-4CM-om^4 00^ 400csCM^ -^ * «4*ors»ooin
ro i cm o» •h cm m  m ^ ^ c M in c M in  44000. 4-4 c n r o w ^ r i o ^ - ^  cm in  ^ 4 cM^CM mm 44-4^ 44^ 4 -4^
a 1 '44
Ll- I
in 1 m  ©  ^mo-orrs-^ cm Mars cm *o 4pm co 0-0 o  o-*0 co© coo m3 in m'O'O on m'Ors'O 00 o-m'O'em as-*- ajiMo-mm
jq 1 mj © 4 0 m © in 4 -*m O 'C M © in o *rs 4 - ic o rs © rs m ^ '^ -m c M © c M '0  4ors.4p4Cm rsfM inrsm cM O OO 'rs4444CM ^*© inm inmo 1 cm 00 ©cnm «C44 ^  m  in  cm in  ^ 4 N ^  -444 tM^ *4p^ -m4p-444 CMin-4 cM^mm^* cm ^4 -4-4 44 -<4
u. 1 *4
«j 1 ^■©HCMM<,©44CMM^r©4HCMm^,©4cnro^©4CMW<©44(Mro^OHfyir)ocnr)04MM©4CiM©4CMM
<©©©©©44H44oi(MCMC'icn«Mmnw^<^^,intnin'On)'0'ONfsN rs  00 00 coco
CM OCM -H(N CMCM <N-t-»rOrMf\eH—
u i NMrtOMNincDtt'rvrtO-oDTrtOMO'TMono&'O'iniiiMMifioO'Min^-na) tv*o-«rvCOcororo'Oco»-«rMt
— • i N<ar<>i'i(n<,coN,o<>>MO«ra)r<)iO(D«otM*<»TM-<rtM»i«iO'0»oo»'nO'CO'HOMMOin»H»N<rrto'
4 I .irO < \IC M » 0« O C N t*> C \l-M »-<  (N C O tO T  ID  -OtOCM —« 0 0 0 " 0 * r - H ( M | D  H H n f t > n ( M r i O > 0 ' « 4
O I M
U . I
*  I M N O N C » O N I N N - < 0 . 4 ' M O N e 0 0 > O O i n 4 , O " 0 i r ) 0 > i n ( > . " 0 M 0 0 > O t ' I O i n O 0 . O O ' < r t ' < O < ,> ( » M | s 4 , ^ 0 >  
j o  i  —. iD ^ - . o - c o o - c n —• r ^ O ' iD 'O r o r D r o r o c o i D ^ i - « r c N ' r - 4 - o J - . r j i D n m c M o iD i D ’- < - o O '- <  O U T * - - - —lo - o r ^ c x )  r ^ - i c M 'O
o  i  —« t o c \ i—i r o m c M to c M —i j - i  c M O O ro ^ - i d - o m c m  » -  —' r ^ o - o i n —1CM0 - 4 .M —« ^ - 0 'r o C M _ <( r > o « ^ -
U. I *4
—I I O x r j M 0 rtNf)O'"NMO'<NMT0-<NM4'0',t'l,l'O'<(VMTOr4(MM4-0"ir(r)<Ort(M(<)4-O'*NM
I I I I I I I I I I I I I I I I I I I ' I I I I I I I I I I I m cm r- n
2C I CN«'»CMfMCMr'<CM<'Jrj«N(M(N<Mf'»cslCMrilCJ(s(tM(N<'ICM«MCNCMrv|C'<rMtNCNCMCMCMfM<NrvirM(MC'l(Mf',rgrMtM<ScMP>ICMC^
—« I 0'r"OfDtN*T'4-'OuTOO'^-rD^-CO.^-tNTO'0'0(N'-''Of^OOO'»-iO~oO^Oror^rvfDM ID<m O'(d m UTO-4-OOidIDvoID 
l»  I • i N i n M N f ' I r t  *4- LDCNJ ^ -C N fO  -O  — i~+ S X M V ^ N m I * )  «  • <  C M a - M
Cl I —<
U . I
«n i »h (M*orooo’^ » ' ' - ,o iD o iD ^ -r*> o 'O c M '0 « ‘t'iO '<coiDr^.^'^HOOrow-o('iO '00^■'Om  0 *1 0 —if> .c ^M ^ro O
JO  I CM C-4coC>ICMls'^ - r ^ ( D lD ~ o C D - r tC 0 f J > C ''l , - .C D  t o  ID  c v lO  ~ o  0 0  r ^ - O  o  0 - 0 - < J r^  0 3  ^ - 0 3  O '*»■ ID  CMCMJ-ir N .M < 1I D ^ - < 3  o f ' l l D l D
0  I r i M i n N - O N r t  4 - M W  111 —<”1  I D c m T » m C M « M  cm t o  CM C M « J 1  » *  CM^-CM
U . I —I
_ j  i - j C M r o o - o ' - ' c M r o o —' C M t o - M - o ^ H r J r o o - o ^ t N r o o ^ C M r o o ^ r o o - j t o o — O r t O o ^ o ^ N O - j M o "
^  i [ M N M N i * ) t * > n r t 4 ' 4 ' 4 ' 4 ' < r i n i n i n i n i n M ) ' 0 " 0 ' 0 N M M r s ( D C 0 0 ) 0 - 0 4  0 ' O O o ' H » 4 C t N M » j « o O o 9 ' & > i > 'C 0 < B
1  I - I ^ - - i *-■ ->-<-<4-.-* •rH^ i'rtcM^ CM^ CMrMCMrMcMCM
tn «•H I 
(ft I
o  i cm ^ o o io * -< ^ r f tr> o o ir t  oo r o ^ o f o r x r ^ p v O r ^ ^ ^ o o r j0*00o»rx<MO^o^o*<M*o*-4r^o m o © -*o 'O c Q f^ c jfs* r ft© * ro ®  »-4 i o  ^ ■ o ^ * jn c o o c o ^ r> .c s 4 0 ,* m '0 * *o ^ ’ fM ^ ',o ^ ‘ r^oooM Q ^oocNO ,'0 ^ o o ^ a 3 f f t  »n<Nov *o ^-ro  co c o r"-o ^ c o o - -
O I 4H
t i .  I
*  i ^< M m c o « r » H o ^ <*-f '> -o o ,*o ^ '0 '-o o C K « rr^c D 'O c o ro * ftO rv jC M ^-tn c o fO ro ,*-^o co rv  m rocM -or>-^iO-^-CM ,-«ino*^' 
jo i ^ L ‘>cM Mrva3aDO ^r^rviorof^cM ^rrorsiosCN4^ooo*or^^oocNOO c>‘O cN rooo'O m »-, ro ^CM,* ’ o^cNO '-coCM m ® r«»r^ 
o  i M cM ^rocN  C M tn ~ * -« ~ *4 iin in in ro ,«r cmio m  ^  in f x M in ^ c N ^  cm m m
( i .  » ^
-j * o^CM^(MWo*HcNroo^c«if->o*-,(Nf,^ o»H<Mrfto^rsifft^*ocMroo^rsiro^*o^oiro '^o**4fMw r^*-,<M^^ro
^  i oooo ,-0'-o-oocococor's.r,'.rvf'''*'“0'0'0'^u‘ju o m tn -ch o ro M cncmcnjcm cm**-*^ * h h hq Oo o o h h h h NI 1 I | t I I % I t t I I I » I I I t I I I I I I I I I \ | I | I | I | \
I I I
Ii. (ft 1«+ 
o
•-« o  i  i n  ' O i n ^ « o i f t * H M o ' 0 ' 4o O t o C N ^ “ M ( \ c o * o c v i( N fs j f> 4C N o o o ^ o ^ r o f O o f o  ^ r r o , - *  f t ^ r o r o rs .ro  ^ o ^ f s i f s .  , - * 0 '* c o ^ -
i  * o  (N fx C K fM (N » - iC J rN ^ ‘ ^ - f o ^ ‘ O r x m « ^ - r o » - < o o c N ^ '0 ^ “ r ^ c s o o o o i > * a 3f ^ ^ - r s'  o ^ ' O  o ^ r v r o c M C M o ^ in to c D W o ^ C K
* o  «  I 4-« r o  , fO (N | fo m r * J  ( V f ^ m ^ ^ ^ - i ^ r o C M c s ^ m ^ o o c N r o  r s i ^ c s i t n m r o  r o ^  4-1 >*“ ^ c m ^
c o *  ^
*  u . 1
lA
jo m 1 m ^ *rftO*orftr '^OinrftoorvCOfvoo404 r^ r^Of^coo^<‘«fftCMOK(Mo0 40P>J ^ *000
o  jo 1 i n  'O o o 'O c s o o c N 'O r s ^ “ 'O in ^ i ^ ^ in c o O 'O ^ C K - o r v > o c J O 'r ^ r v ^ i c K O O in o o ^ * o o  o ' C o  c O f N T ^ - ^ i n ^ N C O o c ^ O ’ - '
u . o  1 —*cm co^ -km^-cm o * r ^ ^ * ^ i * - « ~ i ~ * ( M 4- » c o ^ ^ *  o o f o r o  cm cm - o r o r o  ^ rc s i(M * -«  cmm^iCm» u, 1
o
v- _| I ^■O*-m^ rO^ CMMO^ (Mf0O*HC'Jr0^ O^ (M^ O»-'fMWO*HrjWO^ (NMO^ (NWO*HCM0»HCMO^ 4HO^ CM 
o
m 1 o ^ i 4 - i ^ i 4 - i C M r ‘jCMCMr<) M r o r o ^ r ^ r ^ r ,v ^ r in in i j ' ) m '0 '0 0 'O r v r v r v . r v . c o o o c o c £ ) 0 'C K c > »
v* v*4ni~i*-i^~icM4i«r«i*i«i4-<«i4iro*i4ii^’«H~i«irocM«r(M(n«-'(MCM«icM(M^’inrMfoCM^‘*r«i(MCM«HinM‘CM
u i O'tnroc^ rvro<*CMrorom4-io»cM^ *r,o0'0 4ifob"5^ -o^ - m<''0©in^,oM'0'Ojno>MONCMHn^ino.^O'N4-» 
*i i *o cm'Oo- -ors. mincM^* mcMOr-i or^o-M* *r cmcv.O'Oo  r^ ro <rto •ir-s ominrororo*-<ro,'0^iO"OM’4irss r^. •oro'oro 
*  i  cm cm in i n m ^ 4 - 1 4 - t  cm « icm  • o r o M - n  m  ro ~ *< N ro cM C M  n ^ h  « ic m
o I u. t
*n i "0'0'Or'Mfst>*(vjcoa)Nfsf\^mn«-‘<D<'Oi/>inMM4-»irtt^4*<CDfsT^^coM^i**>cp^T^(M^roinQ)W'0^co
^ ( M W O ^ M ^ O ^ M M i C N r o O i M M O i N r t O i C N n O i W r t O f H N O ^ C M O f M O i O o ^ O ^ C M O H C ' J O
0  i cm r** *o >o co 4 i r>* <o v i  in  o  r o i n  oo o» m  m  ro oo rx  * r  rx '- 'o - 'O M * m m  a* cm o*cd to  m r^  m oo <10*01  i 0'0'*^MN»ofSif\i4ir'M^'it>'i'04ifs'wwrsCOc4^iM,oMcM^co^inNino^^o^'inOiOOtsiniQOO' ro | h h h h h  4-#c>jfMro 4-»cm
o i
>o i co ^ * r^v iO '^a 3o 4icom cN0 4 T cx)cMO ‘^ OviO'fs.r^oocMCMtn^rcMO‘ in c ^ ^ f<>romlfJso-.'Oco'Oo '0  4r  cmoo'Oooft | C0OtMMf'‘fsfNNtM0»*0n^,O®^^^rN^(Mf\Oi^<lftoN*«iO(nC040OinM'0^MW|rt0'CM(MfS'04H^fs.
o i iro4-*cMfO i ^ jm^  ,iCMvif04iincM*c'4i h (m
-J I O  ( N M O ^ ( N M o ^ n r t 0 ^ n O i O i O o ( M o ^ C N ^ C M O i ^ M O i ( M r o O i ( M M O i C M n O i n n O i C M O
sc i w m m m W m fOroWrofOrofOmf*>rofOro^ '««*5r^,^ ',^ ,^ ‘^ *^ *^ ***'^ *^ *^ *^ *^ ,^ *«r*
Ll . |  C N < iC M f N < ^ ( N i^ i ’ ^ C '< ^ t N ’ ^ 4 H ^ i ^ f O < C V 4 ^ i ' H4 r O J i » - i 4 - » i i - * i M r o W 4 - i * - ‘ M C M l « - ' i ^ 4 H ^ ( M n w H (M
0 i 0'*oirtco*oors'W*,4,oOH'Oo®,,T'OoMrt^^M(DO'MrtnN«io^ooN<rNO'Oo3in<r^<^s,,©^,v'0^,O M
1  i 0"Ois>moo^*^rorxinino'inomcoom4imo^cK^^H4-i|N'mcocM'orftr>mro^oM'00'CM03cor>'0^oocMinmo.
m i ro^ hh  in** cm ^ mwmm vi-m-^-cm i m t  cMcM^roCMir ** n i
o I
in i cm inw*Hino'mcM^ rin'00'^ cMr^ m»-'co^ rxMO'M-«o'04n^ rvcoc'r^ inODf^ c^MroM-4-«^ -'OroWors'foO‘-H^m 
jz» i  i  'O N « o N 4 r i n 4 H C O r s i n r v O ' i i n o O 'M , c,J M '0 4 - i( M c M C J ( > r s c M ,T r s W o ^ M C M 4 H ' O c o O 'n O c g O ' « > . M c M i f t ‘ O o  
o i in** cm ^-fowrM 4-iinmCM cM^-^intorowm ^ro** cm cm cm cm m** mcm
_J | ^ W M o ^ r 4 M O ^ M O i C M M M * O ^ C ' 4 W ^ O i C M w M ,O4-,N M ^ O i ( M M n C M M M * o * ,<CMMO4Hc^O4-iCMr0
u: i in inin^*M-^*^,ronomCMcMCMfMCMvi^^i^4iOoooo»-i^»ii4iCMcMCM(MCMmromi^^-^‘^ -,M“inmins3'0'0>oi t i i i i i i i i t i i i t i i i i i 
□c | M r o M n M M M M W M M r o r O n W w M w M n M w M r o W r ) W M M r ) M f o M r ) W M M w M r ) M M M r o M M M r ) M f O
cm •-*  ^ 4  c<4 cm t n  w  r o  ^  cm ^  4 i  cm ^  4 i  cm cm v i  ^  cm w  m  m  r o  cm cm r o  cm ^ r i n  r o  cm cm i n  r o  m  m  cm m  4 1 4i  m  r^ i
v i  o  i  M 3 i n O " c s ^ r > o c o o ^ i n r o c o r ^ r o sO O ' r ^ r o C M i v o o ^ - r x ^ r ^ 'o C M r o <r r o '0 'o m ^ - r > - i n 'O f N s M 3 i n r ^ i n f O r o O ' '0 'O r o '^ ^ i
i  o  ^ i O - o o - r o o m  o o . r o  m  cm r o M ^ r o - o  ^ c o r o r v f o  r o * * 0 '0 o*‘ '• ~ * in - * r s' * "  r ^ o - r o o - r s s  r - s . r ^ o m * ' ' o r s. o - * -c o  cm-**
* o  *® i  cm r o ’T ^ n i  c ^ c o M “ c M C M fM C M c M m 4 iC M ro in v i^  i  r o r o ^ m c M  i  cm cm  ♦-* i  r o * *c ci i 7ro u. i
in
jo m i CM-n*»ioo^ 40CX)cMCsi5r4icorooo^ ’inoinM- '^M*0''OrororNHo^-rxcM'OinrocMOoM“co<MroM*oo^-^^r^’M*«M*cMin
o jg i *i roO'OO'rocOvHCMO'in'OCM^ OM'CMmr's.rs.rors.ioroinr'srors.CM^ r rors.^O'0'rom'oODa)OtncO'ors'Corooo4icM
u. O I ( M M V i i  4000 ^  CM CM CM CM CM m  41 CM ro^ * 4141 i  CMfO^ H-iCM i  CMCM i  i  rO *■
** U. |
o
V - - J  I 4 r o i ( N n ^ O i ( N r O O i ( N O ^ f M r O O ^ C N M O ^ N r O O ^ ( N O i ( M O ^ O O O i ^ O i W O i f > < f O O i ( N M O
x  i cm cm cm cm cm cm cm cm cm cm cm cm cm cm cm eg cm eg cm <m  cm cm cm cm cm cm cm cm cm cm cm cm cm cm r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o
•o u. i *,**'OrowcMrocM4r*-gr*-rororo**CMro
o i rvcocMO'CD»-ioM5rors"OOroro*-irN'»irg
t-t i  r o  o t O ' 0 « r r o c o i n 'o r O '0 * - r o r o f ' ' r > 4iC M
ro i  —* c m ^
in i corg-iooi^rooo(N*o'Ovi^T^r^rxo.^'0
jo t rorsfoNin*rs**oinfN.iN(Nfocors'0 0
o  * 4-* CM
J  I o O h O<H4HO^h O h O h h o h q O
i  cm o o * - * ^ C M r o r o - M - m  m ^O M ) r o c o c o  r o * *
i
X  * 0 0  0 0  o o 0 0  0 0 0 0  CO o o  0 0  o o  00  00  c o  0 0  c o  oo  O 'O '
li. I m i 
i
t o  I
cm w  cm ** ^-eg r^. cm »h cm ro m  ro m  cm ro cm cm cm 4-*m cm cm cm eg m»H 4-4 cm** cm 4i ~-»ro~4 4imro^ H4i^-cgcMro cgrg^ -ro
ro i o • 
Lu i
inoDocomror«>.or>.CM^-cMcoCMiDO"Oinirs.ooooiOino^O'OM>inr\^m*,ro«i'0 fs.O'CM^-o-o^'om 00^ 0- 
4i4irs.minO'ro O^'mrv.ocMroorMcM****CMr^ roo'»irxrors.ro40»-irofN'**40co^cMcm *1 41 ^irg—• 4-i * ^ h h h ^  ~iv.ro CMrovi iicm cm ro 4-»cmCM h h  i n
tA I 
JG I
O I
(MCM<>'rocM4-4oOcD'0'0'Oso*4oO'CO^ro**'or^cMfN'mCKroooirjom^cr'minOfss (Mjn'Oo®rs^«oo iif\«o
4H«iotojnOM‘CMo*‘'Oi>*w*o*,o**cMoocMO'0"0*a)W*oHfMiO(Mr\oowi oin&'T*,'OCO 00O  rv. rg rv. o
CM 1  CM h M h  h ^ i h i  * H h M  CMCO»i i i n  CM r o  CM CM i ,  ti  i ( N  i
.j 1 W O i f g o ^ r g O n f M o ^ O ^ O O o ^ O ^ O ^ f M O i O i C M o ^ C j O i O i C M o  41cm’“«o,"<cmo w»-« o~*o
u. 1 4irorororo**^*rororocMtM4iCMro4imcMviCMvi*'mroro^ c^Mro4icMCMnCMrocMcM ^ 4^i)PHrocgf*'iCM*’ ro*-4^ ^ xn «•1 1 
CO I
0 1 tMmcMO'rs.O'CoinroCMooOin'CO'^CMrooo'OO'O^roinrs.^oCMor^oo'Om^O'mm o»iCMo*co<>'fN4^ -^ * oo-o.o1 1 «M-~iviaDcoo-'orvcMrvcMmoCMoocoo'00'r''-co**in04inmcMCM|ssmrorocM4-<cMroo4 wmcoooorN.4i^-m cmcoo.1‘4'
eo 1 n ^ i  CM~*CM~* 1 (M « - * 1  CM CM CM CO v lC M fM ^  rOCMCMrO 1 4 - « 1  vH 4i r g C M
O 1
ia  1 rv4 r o m m o ^ m c M C O ( M * * r ^ > o r ^ fN' 4o O ' o r ^ i n M 50 ' 4i v H r 4' 0 '0 0 'O r ^ o o m 'O v i r o m C M o o  41 o *< Jcm  m * * " " ^  1/704
jq 1 ir>4i v«4-ioorN.ooroco4i*'o^oo04 0'^-0',ooom^'00'cm4iCMm**ro4irgCMcMroo >oinNO'C0'O*-'^n i c s i o
O  1 r o  H i f H  C M ^ C M ^  4i  ( N ^ H  CM CM CM rO *iC M C M 4i  1 H  1*0 CM CM eg i i f o C J
U. I
O ^ n O i O o O i O i n o ^ O ^ C M O i C M o ^ C N M O ^ f M M O H t N M o ^ f M r O O  4-i(NrOifMnOiCMroOiCM
x  1 u->ininmmm'0'0'0-'0'0'0'0'0*o'0'0'0'0'0'0'0'0'0-o'0'0'0-o'0'0'040'0'0*0'0 40-0 40-0 'O'O 'O-o *>0 -o
1 o 1 r*)CMiroM>cgiO'rN'0*(^0'incoO'iOM'NO'*on*rs(oroo*os)OioGOiico rs<o^n^*0'WO vhO>o*“ft 1 umaoO'ror'somoooocMin'oroinCMooCMviOOiftO'CM^ roO'v-tCO'orO'O^'CDCOcMOOin n*ininN^iurO'0*o^o 
* o  to 1 m  01 cm cm v i r o  'OCmcm 1  ( M ^ i i  r v  cm cm~« c m ^ - c m v i < r  h h h  ~ 4< *-cm *icm
c  o 1
ro u. I
1/*
jd m 1 -^couT'i^ -O'Tinm'O'OCOvir^ cooco'O^ rvinO'r^ cMmcMr^ ooo'rororvoooorocMcM 4000-ocmrooo40hO<o&>
o  jq 1 or0NOiniso'00'Niu>)r>'r0M>*094n04<0N0'0>cgocgo>tor0'0Nch*0irs<0 roM’iomrs'O^io'OcoN^o
u .  o  1 i n  cm cm r o  4 i  r o  'OCmcm 41 c m ^ h  - o  C M 4 ic M ^  c m m -c m ,i h h  i « r ( M v c g  h h h
*• u. to
v- _j 1 oifMOiroo*icgfoo^C'<MO^(Mroo4gnroo»-'(Mmo4i(Mroo4-i(Nroo^(Mr*)04H(viroo^noiwo^
in w  in in in in in in m  in in if) in in in in in if) in in in w  w  m  in in in in w  in in in w  w  m  in in w w w w m i n w i n m  minin w
BIS(TETRA- -BUTYLAMMONIUM) 
CHROMATE(II)
TETRA(THIOCYANATO)- 
(BROWN)
i0
IF
ob
t 
an
d 
lO
fc
Fc
al
e
rg r o c M w c g r g  *-4 —< ro *-«  eg r i  m t o  cmco C N ro ro ro  *-404 ro c g ro ro  r o r g r o r o r o ^ r  rg ro  ro o ­
fs. f v r o e g u'j t o  '0 * o c t * ^ r u ^ '- » c > 'r o i i -3 o ^ v* iD r^ r v 4 C iro » ~ ‘ <rCDr««.»-Hmi‘,'< r^  «r msco  v o e g o c o r s c o e g c o b o 'o c o r g 'o c o c o ^ o '  
ro^rs*-*rofv»b-)mro * r  or-rs.co«rrMr'vbOGa*-4rgb*irMrs.corororM«rU")-«r*rT-»oorocDCMrge4rsb_i 4r'Oroocic\iuoro
w-td —» r-f ^4  C-4 ~4 —*
o^-4«-h «h 
U- i
i
—» i uo-o -^o cr. cor^  -Obo«r ro rg^ 4<L>*-«cgro cor^ -o roo^f'j,r^ocofv'*rNri^w'OnI I « I I I * I I I I I I I I I ~4~4,-4 I | I | I | I | f | I I |
I * I I I I (^ 1 COCDCOtDCOCDCOcOCDCDCOth&'CNO'&sO'CSCh&.O'o.thCKO'O'O'OOoOoOoOoOoO^^^-H^^H-HyHCvi^
X I OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO^OOOOOOOOOOOOOOOOO
u_ i ^ ‘- • ' “• • ^ —• c g ^ c g r o r o r o f o ^ r o * - * —* * - ' ^ ^ ^  *“» rg ’-«C 4*-< -4< 'g ro ,»’ rg ro ro ro rg ~ 4 * -« » - 'ro rg « -4 * - r4 ro c g rg rg rO b o e g c » . i  xn i
i
CO I
M
O . -
^4 C-4 «-4
O |
LU |
«/* |
-G I
O  I «-H *-4^4 < -4 ^ 4  * -U -* tO  eg «_4 _  r .4 _
u . |
—J i *-« o  ■'■“• eg ro  4 r  uo *o  r»  co cm *-4 o  &s rs. *o  bo ^  ro  eg »-«o  ro  **“ uo <> rs. oo , - i  o  cr* co %o uo « r  ro  eg *-• o e g  ro  « r  uo *o  eg ,»i o  o*** i t i i i i i i -h—‘ i i | i i i i i i
ifi i » ( i (
^  i u o to ^ u o ^ o u o u o in b o b O * o o • 'O ^ o 'O -o 'O - o '© '©  ^ 0 * 0 < * md ' 0 * o 'O ‘O '0 rN .r^ fN » rN ,rN .rs r‘- f 'v-r>»r's fN sr-v rx^r'-r^r-vO JcoC O co
X I O 0O 0O 0O 0O 0O O O 0 O O O O O 0 O 0O 0O 0O 0O 0O 0O 0O 0 O 0O 0O 0O 0O 0O 0O O
c j r c o o O 'u " ) f >^ c - j r v . lJ- ) o . rv )c o ^ r» -H C '4 0 u o c c > rN .c o ^ r* -< » - iC > 'ro ^ <rN .r>«srv»r'4c o '^ ,<r ' O i i i r o r j c - 4o o ‘ cKC sr>4f-H<j-»-«iJo ^ f N>.rooDi-« i ro^ rr^ borxbo^ -toco ^4-«-4 eg >0*000 in’-* *r uo-*r rrboro,-«rso ♦“•o-.uouoro *rto*-4 0-uo^ocorg ■<*■'■0^0rs in c-g
fo j 4^ «h hto*oh ro*H<»ro 4^*-< *-* *-«^4 *-!*-• <r ro^roro *Hf-jrn ~4
c# I
U. |
«/» i ro cm r^*o* C4 ^-o(iO roo cs ro o  ro o  0^ ^  roo^s“(jO'°roin to-«r^ r co r>fcrvrOborosoT-,rv,ors^ +-*o-
X t i r o ^ e s u o c o - o o ^ c r -  ^ r o ^ r  * -o -o rNso » -« b O C M « r o '^ r ^ r ' o r ^ ^ r ' - ^ O c K r o - s o ^ ' u o ^ r ^ O ' ^ ^ r  > o O >eg o 'b"3U O '0 ',OrMCMro
o i «-4 ^(OxO'H ro *-» -o ro 4^—1 r~< <^h ^4 t-to* ro .^ roro *-*rg *-* *-»
U - |
- J  i ^ ^ c o r v O b T T  ro fM  «»4 o  *-* cm r o  u i - o  r s  00 o  r o  r g  o  cr> co  r s  - o t o  r o  eg cm r o  * r  bo - o  Is- co  c»> ro  cm co cs  *o  uo **- r o  eg
■“ ■ i l I I I * I t | | 4 | I | I | t | _ ~ 4  ( ( ( ( ( ( (
* III I I
i<£ j  r o r o r ’ j r o M r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o  T o ' < ‘ 0 ‘ < ’ o - ^ T 4r * r  - r o -  - r ^ r - r o * 4r o - - r  ^ rL O ^b O U O n b O b o u O b O
X  t O O ^ O O O O O O  O O o O o O O O o O O O o O o O o O o O o O o p O O o O o O o O o O o O o O C ' O o
^ r r H H ^ w o n n  —*«-4 —<r-4*-« cm r o c g ^ rc M * -*  r o  CJ *-«•*-<*-, *-4 r g  eg -h
o i >OboO'CN'ObOOcr'ror^ cooCN^ r^ CNUOr^ rovoo-crgcNO'Coroc4C-J*-,LOoO'CK'Oocor'sfObou-3b')CoO'rO'or''0-r''-'0
*-4 | u i r o r o c M C i 'O C O c r r -4 QT'O »-»r0 cM^-»c0 TN>'0 ,« '^ 4 U0 0 **C 'JoU 0 '0  0 'c > i r * ') o r 0  4r r N> rs * 0 ^ 4CSr0 O c M 0s r > . O r s r 0  4r U 0 cK r0 r nro i 04 r g o i^ < ^ 4  —♦ t-» rg * - t& '» H r o c D  —«o4—<ro —<*-• *-< id  o r g r o  rg° i u_ |
«/» i r o o f ^ O 'O b o r o r ^ o *  r -s fs .r-4 > o r o o -- r g c g « r r o c K L * 3 o < , M“ c g o - o - o r ' s r s o  c o o  rg  •--« o  ro  10 eg eg eg ro  f s  -o  oo co og eg ro
x> t r>s ro  o - ro  04 so co cv rg  o - o * -H r o c g o c > -L O o u O b o L " > c > * -« ^ 4 * '0 '0 " r c o r g o r o r o r s r s > o ^ T - tr o c > '-4 r o o - r o c o o -o -o -c > > > o - r o
o  i rg  cmcm*-«—» —«*h  cg « *- io *r \iro c o  c g o g ^ r o  —4—» s -» ^ c 4  —« m r s e 4ro  cmu_ 1
—i  » —* r g o - u o  o c d c k » 4 0 O 'C D r s  o b o o r o h o h ( ' - j r o - n r g  • c r - - c o t > - o c . i0 0  oar- • o b O o - r ,’4 r 4 * - * o ^ r ^ r o o *  o r * > o . to  - « r \ i
cm u_ i  *-♦ —4»-» —4 eg —i —i —4,-4 r o o g c M c g r o r g r o r i  r o c g e g c g  —4.,-i , - » r g o o c M —4 — t , - i  r o e g r g r o  roegcM CM  - 4 —4 —« h o o o n o
u i  i 
••H I
o» t n  i
xn 
ro
a. o i oc*4CM^ ‘<^ *rN.^ *rasfsroo*ro<ro4^ CDO-o*<3b")CD«rro-oro*-*rgrs.fs^ 4i>b‘>CD&.^cMO—«CD*-»inor^ roiiO*HCoa3^ r
•—» i r s —«c d o c o c n o ^ c m r o r s o o r s r o r s • ‘O f s L O - o t o e g c o b o O o - ^ r u i o ^ t s i n  t o r s  e g f o - o r s * o w o * - 4 0 O '—• • o r s ^ r r o w )
ro i r g  —■ cm r o  r o  cm r g  eg 04 r o  uo eg r g  o -  r o  —4 -4 r o  - * i n o g r o r o o i ^ * r c M
o * —<
in i oKocKCOroro&>ooroog^ 40cD^ <»o4-o'OboOc»cso^ *a-cr>coco<i-«iof'-csCMcsrooObO'OrorscocooLOb->o^ 4—•
Xj * rs— *orororsc>>>Drors'ors"M’tn<,»‘CMCr--oCMogr^ <M,»‘'0^o^*T*,rfsr4ro'0«o'Ou,>'-4*-it>-—iCssoouocd
o  i  r g  cm r o  r o  o r  r g  ^  cm eg r o ^ c g c M ^ t o  —«—i t o  —«uo cm t o  t o  r  g cm « r  eg
U - i  »H
—i  i  o -  r o  eg —* o  ’- < cm r o  t o  - o r s c o c e  o  *-» - e o  d -  a a '- o u i  o * r o  eg,~< o  *-4e i r o  o rb“ i vO (sv o - o e g c g  *-4o » c o r s  - o u o  o -  r o c g  * - tO  * - ic g
1 I I « 4 I I I I I  I I | —4 —1 —4 —* | i  i  I | I I I |
i  i  i i
i  r o c o r o r o r o fO r o c o to r o to r o to r o to o g o iO ic g c ^ o iC M o g o g r M o g r g c g o ir g c M C M c M C M c M o g ^ * ^ ^ —4^ 4 —4^ - i—4 ^ 4 —4 ^ 4 —4 ^ 4 w
i i i i i * i * i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t i i
ZC. I ^4^ *-,—»_«—4^-4,h —4_4—4^ 4—4,^ -4 -4 -4^ ~4,^  ,-,^ ,-4 ^*^ 4
Lu i -4—*—4rorgogtoC*go4*^ rgrg^ 4—4^rg—iw^ s^-iCMrg o^jogroroto-^ -rMro^rg^—*^4<—«*-4rg*-4rgrgroroCM,-4fo^ -,—4
xn t
t n  t
o  i cd  cm m  r o  uo co  o > —«o  c o ^ c d  ^  o  co  < •  o  <x r o  r s r s  r o  r ^ -4 o  cm o - * o c n  cm o - e g  r s b “> rs  eg o ^ u o  c n —4 0  co
—♦ i t o  ■*'*■ co o '  - o  eg  ^ o - r o  cm -o -'O o- « rs  —«ro ir.»  c o 0 3 —• O4uo c g u o  o c g b O r i  —» r g tO r s  o ’ r g o - o  o - e - e g o r s  r>. i n t o  e g e g - ^ r o O
ro i r o  —• —4 ^ r j ^ ,  eg n  —* cm —« m ^ r o  r o  »-4 >-1—4
o  1
in  1 ^ 4* * r o C D c o '* e —*cdu-) o - o - r o c o 'O a > O r o  04 c o r o o - ^ o - ^ r s  04 0 0  u o tO 'O 'M 'u o O o  04^ —4^  eg u o r s ^ 4 f s (>. -« rT_ O s _ , o
j o  1 **e t>>ro >o eg r jC D e g  r o ^ r s ^  rg f>s e g ^ . j uo c a f s  04 ^  o -  e g ^ o  'O ^ H b O c g e g rg tO rs  ^ e m ^ e o  b O o t O f s  rs.p^. -o“ r - i r o u o r o o
o  1 t o * - *  *■< « r  eg •n o g  e g  *-* eg *-4 m ^ r o  —4 r o  —* , - « - h
u .  1
j  » r o  m3 co  o  —* eg o  co m3 i,-50* t o  04 c . ^ h  r 4fo -« r  uo *o>r'. co  o  » - t O o  rs '< jU O o -  to p g  —* o  ^  eg r o  o -  cd  c s  o  o  co boI I » I I ' I I | I | I | I | I -4^ 4-4 (<|l
I I 1'■x. * vO'0‘0‘0'0*0>01^ 1/0bouououobouobouobouobouiuouob“Juob'3u*3<;r«rM‘o'M'«y-o'o“*,’o*o'4r*g"^ rO'«^ -«rrorororOfofo1 1 1 1 1 t 1 1 1 1 1 1 t t 1 1 1 1 1 1 1 1 1 t t 1 1 1 1 1 1 1 1 t 1 t 1 1 t 1 1 1 t 1 1 1 ( 1 1 1
X  • -4— <^*-4 ^ ^4—4_
u. ! r-^ egroegrjegrorOhncMrgegroegrg—'rgCM*-!—«rgegr<7 0"uoro^ -.—4foegrg»-'—<0404—'rof^cgr^ege^rg^to—«—4—
xn 1 .-4 1
co 1
o 1 wD>^ 4rs^ 4corscoro uoege-robi'© —«rsLOororo rso inrocr-^ 'O-cgrs.D-o*^ . oororo D-^ uorg^ * g^ointnwo *-4 -o
r-4 1 roCDtocO'0*Ororo>ou'3'oe-L-)COL*3'-''0',3‘<rO'OUOrgo-rob')»-4CN<*u*3-«rCOrsb-)rsbOo-CMob‘3&'0-coegro'Oc>-cDrs*o
no 1 - 4  —4 —4 cm CM ^ 4  —4 —4 —»to
0 1
in  1 L o O s o b O c o e v r s o ^ u o o O c K b O v o c o r o r g r o e g r o  o '  o  bo r s  r g  ><j co  o-- —< t o  "D  co  m3 r g  c>- u i  t o  r s  eg  >0 eg uo t o  rs. * 0  * r  eg
Xt 1 rgcr-rrcOso-OroroNO^ -ocoo-cou-D—4>cibO<rO>obOr4',:erM*<3oO<--o<rCDcE>-rrsM--^ *e4'ObOc>-b_3cDegto'OcDCO*ors01 ^4—« ej—' CM-^  -4 -4 to -4
, j  1 c 4 o ' uo * o  rs  o  r-t rs  >0 u o ^ rro rg o —■♦ cgrobo «o e*- co o- eg cd rs -d o* ro r  g —< o  r j  b"3 >0 rs  co o  eg 00 rs  .43 uo o ' r o  r  t —< o  eg
—4—< I ( I | I | -4 I | » 1 I | t —»_4-4 ( I | I | I | I
\x. 1 o-csc>sC^cr-cr>i>-CDcocDcDOOcococococDCOaDCOcococDrsrsrsrsrst^rsrsrsrsrsrsrsrsrsr^ rs s o '0 > o  *o «o -o *0 * 0  -o -o
» * 1 » 1 » \ i 1 * 1 1 i * 1 » 1 1 1 1 1 * 1 1 1 1 1 1 1 1 i 1 1 1 t 1 1 1 1 1 1 1 1 t 1 1 1 1 1 «
xn 1 —4 1 
co 1
r o  t o  r o  r o  r o  t o  r o  r o  o -  r o  o '  < * 0 “  eg t o  r o  r o  eg r o  r o  r o  r o  r g  eg ro  t o  t o  eg r g  cm f?') t o  * r  eg eg t o  eg cm r o  r o  r o  ro  r o  eg eg t  r o  eg *
-egonsdb‘1 ’Hcimsjtscoo *-10040*u“)'0(scooeg'-*e4ro*TbOfscDC^ oto*o—•Ki'^ -botscoo-—ibo^ rroeg—*<
I ' l l )  ! —* I I —« I —4 1 1 i 1 1
i r  g n e g r o  t o  r o r o r o  r o r o r o r o r o  g r g e . T g r j e j  n e j r g  —* —* —■* —t —«—• —4 0 0 0 0 0 0 0 0 0  o  D- r.
r o  u_ i  e g r o e g —4 —» rg — 4 (n —i  —4—» —ic g  ro e g  - M - r o r o n - ^ e g r o —i  —4—«—ir o e g o g p g c g r o r o t o n h m r g r o e g c ie g r g  r o e g r o r o t o e g
rs ^  co o  cm o  o  rs o-d> o  cm fs o  o  ro rs «r uo-o o  **© cmoo o  *r ro o  m3 u*3 to >0 o-i»o *-* co eg u*j cm u*5 eg ro o-cm rs r j co fs &*
co t  r g r o - o o - o u o a > m r o i r > r g u o r g C M c 4 « r r s . o i )o r o to u " > u o r o « r  o o r s u o fg r o u o u "> —* r s o o 'O t n o - in u * iO 'U " ) r r r o r o r i c K
m 1
JO I
o  t
r o  r o  uo eg o  r g  o *  uo ^ 4  « o e g —I co  o  ck  o  r o  cd r o  i n  o - i n  *o  o  o - o > - o  ^  f s  eg  c s  o  co  uo co  -»o o - r o  r o  v  —1 —• —* 
co u o e g  - o  ck  >0 %o o  r o  cm o - r o  eg  eg  ^ - o  o - o  r o  r o  uo r o  * r  00 r s  uo eg uo u o - 4  r s  co  * o o >  uo uo o -u o  eg r o - m  o
i*: 1 
x  1
r s  eg o -  co «o o '  r o  eg •■ 
-4—4 1 1 i t 1 1 1
1 1*orsrsf ^rsrsf -  IS  r s f s  CD CD CO CO CD CD CO 00 COcoOOCDCOoOCOCDOOCh.CSo-O-0-  O O -O 'O 'C h O s  O ' O 'O O O O
u. 1 — 4—*—4—1—1— 4—4egeg—«roroegro—‘pgpieg—'—4—•—4pg—i*-e—»—•—iro—iroeg^ regCM^ -‘eg— 4—4_—»,^ —«ereg—i
xn 1 
—4 1
CD |
c i 1 r o f ^ o - s o  e - —«o " r g  co « r  tO b o  eg »-* o  o  eg  ^  eg v-4 —*uo cob o  o -  ^ 4  o - c o  M 3 fs O r o  t e r o  r o  bo e i  eg —‘ r s  cO b o e g o - • e - t ’ e g r g  o c o
r-i 1 cMr^ uocMC^ foOotsrsCOcorocMCD^ - ege'-^ rsrsrs^ ors.^ 'eg*-*—«'-,o-to><54ro.rorstOt>sO—4*<5«-^ Oo **■ ro uo uo eg >0
to  1 e ^ r o  —1—4 « r —i —1 —4 —• e g e g  e g — * —• —* r o  eg —‘  —«—* —• eg ^
c i t 
tA- 1
in 1 ^ »-,coco'ObOt^ bO,M'bOic>rors^ rsCOro^ rrO'0®ocscoe4ococoe4oeg'0^ -4rocerobocsf^ o-s30'CKro4re4^ -Ofs
jQ  1 *-« 4^- L0 r o  c i- eg o *  o  o -  r s  co  co  cm eg  r s  45- r g  e> o *  >o uo co * o  - o  *e  r o  r o  eg cr> r o  >o o -  e -  eg  r s  r o  o -  o-> ^ -4 uo o -  r o  uo ^ 0  eg -o
o  1 r i r o  —1—• r o ^ ^ H  —, —4 e g —ip g —* e g *-4—4—«—1 —4 t o  eg — i r g  —,
- J  1 *o  bo o '  r o  eg ^  o  eg r o  « r  uo >o r s  r g  ^  o  o .  03 r s  *o  ^ 0  o '  r o  eg —* o  eg  r<-j 1/} >0 co  o  c i- co  t s  s<j uO o -  r o  e i  —4 o  *“ * r o  -o1 I 1 I I I I I I I | t | I | —4 I | I | I | I I I
1 I I IX  ( ^ T^^ UObOUOinUObOUObOUObO LObOUObO UObOUOtoUObOUO *C “O -O *D-O -O M3-c *0*0 *o*o -o«o
u .  1 c M ro e g e g —<—<eg—* —.fM O e g c g —4—‘ —< - • —f f o e g e g r o r o e g t o r o e g e g —« c g —‘ —4—4p g —* —4 —« e g —< - 4—< r o o - r g t o —«egf<oegegxn 1 
■"4 I
cn  1
c i 1 eg bo cm bo o  r s  l o  r o  co co  4r  eg  r o  bo r o  o  uo >0 eg ««o * o  m  eg o  uo *-< o  *-4 eg os o  o - r o  r s ^  eg  M Juo ro  eg  0 - 0 - 0 0  ^ • ^ T s —4 ^ *—4 j pj bo o-co rs to eg ro fs —i o  o- o  o  o  ■•'e eg rs *r —4 rs bo ej eg ro ro uo >0 ro bo rs eg 0 uo o  00 uo 0-0 eg o-rg —• in *r *-0 eg rs rofo j  —4—4 —« r s  eg r o  uo r o  cm - r  eg eg eg eg e g ^  h ^ h
o 1
1 —i r o ^ e g c o c o u r - b o u o o c o o o —< o o  eg o * o u o  co  u i r o o - < q -s o c o b o  * -» -o « « rO b O vCJO 'eg e g u o b o o 'c o o -b o  c r -c ^ C D s o u o o -e g  co
Xj 1 e g m  0 *0 0  *o o >  —‘ r o  f s  ^ hCmco e g o  c M c o ro  r s  r s b o r ge g  ro e g u o > o  eg u o  r s r o * o  * - « r s r o c o  b o o - o e g  < r eg »-»uo « r  u o e g ts  ro
Of —4*h -4 r s  e g ro  uo r o  eg o '  eg  eg eg eg e g —< —«-r —< —«
- J  1 O e g O o - C D r s  -O bo o - f o e g . - ^ o  r-»eg ro  o *  uo “O r s  cd o - O r o  e is - n O o -  rs > o  uo-7- r o e j —‘ o  e g r o - y  m r s o - r o  eg o o - o o r s-4-1-1 I I | I | I I I | -4^-4^-., I | I | I | I —. — • | I |
I I I I I I I I I I
z  1 —le g e g e g C M e je g e g e g e re g e g e g e g P ^ e g rg  e  g eg eg e g e  g eg r o  ro  r o  t o  r o  r o  r o  t o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  t o  «y *t  -*r *t  rr *r -r
X  1 -4
xn 1 
*4 I CD |
4 cm eg —4 ro  eg r o r o ^ r o t o  —4 r o e g —* e i  >-* eg e g o ^ e g e g , - *  —«,~4cg r o  —* r o  o - c g  — —4 —»—4 O 0  e g e g —* r o  -
u  1 >o r s  —4>o r s  r o  <>■ t o  —4 o -  m  «y r o  eg eg * s  c s  t o  «>• o> o  t o  r s  ,£> r g  « r  o  b*3 co —4 o~ eg o -  t o  eg t o  *0  r s  eg —4 cd * y  * r  eg o - r s  o  r r  r o  o
*-4 | co ro  O b o  ro  o  O’ r o  o  r o  o  o  r o  l*> o  eg *o  o  *c*D- cs»_ i co co co  co u o *t  o ’ eg t o o  *C3bT eg i n  r o  r o  d - t o  t o  ^ u i —t -o  « r  eg r o  t o
m 1 r o  —4 —( r o  e i b o r o —1 m c o c g  —4 - h —* e g —• e g —» « r o tg i< * ) C t
O f ,
u. 1
i f  1 f s  f s  cn  —i  o -  M" - o  t s  r r u o  —1 r s  r o  r o  o  t o  cr> r o * o  e J r o u i—4 b o o  * r  o» eg O f s  - o u o  e t  eg r o  * s  co  -0 0 - go uo  cd *e>rs o -e g  eg c>-
jOi  t D> ro  ^ t u t  r o c o  o -e g  r o r o  O ’ er- r o  Li“) e g r o * o  o  *o « o  t s  e g ro o p  o o ca  u o r o  ^  eg r o c s  *C u o e g  t o  *e  r o  0*0  LO c o * o r o  t s  t  —< ro  ro b o
o  1 r o  —4 r o  eg  t o  r o  —< t o  o -  eg —1 —4 e g-4 e i —4 0*0  eg i n  eg -4
U - » —(
—1 1 f n « *■ L O -o r - . irn t4> o i* g —- < :.'D -‘sD r- 'O m * r  K u g ^ * : - - 4i*g?o o*vO - O fs  c o o  —‘ O c o r  , - o l ’ i t  fo e  j - - i O  —4n r o  - r  i i - o ;  . 4.0:>
10
#F
ob
s 
an
d 
10
*F
ea
le
 
Pa
ae
 
4 
Fo
bs
 
Fc
al
c 
Si
sF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
aF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
aF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
sF
i * rororo ro cm ro ro t-«c4 04«-< «-«c4*-* *rro«rr4 cn t-iroo4r-»c4 04 *-t 04  *-tcj cn
i m  — rv.  r^ r^ c N  co ‘O r o * r ^ ‘O o o ^ N M - j f 4 <r o c > ' n  u o o o  % -«o o o - o t o * o r o  o-tor--.r-N .ro  » H o ^ c h O J '0 <r « r i j i  
i  *H 04* 'O c o f,o c M 04 a * r o i n c 4o-4U O o t/O ro *O T -io 4r> *c o u o r,' * ^ r O T - i O f > . o o 4^ ' 04r* -r 'N © c o ro ro G O ro * -» c o o * .* o u o * o c D « 'r  o *
I t - i  C-4 t - i  CM *h  C-i C 4 +-* C4 **■« CO O* C-4 rO —• 0-4
1
i r^Lr»ooo*<if'J'^ -‘^ oococ>'CDf>^ o-ocoo^ ococ-Ju'3f^ *cO'Or-4*-*,roc^ r>s'0*-<fo^ H»-<«0'Ocs.^ “»^ H<rcN^ ‘'>ou‘)c>‘C>'rorv«.ici<7' 
i  * - ic \ jrv .  c o f X N M  ck  r o - * - f4c 4 t o o ^ r  ro r * * ,- i« < r  i n  o * . o r ^ . - « r o —i O  * 0 0 ^ 0 * 0 4 0 0  r ^ o r * . r o < * - o * r o  04  *o ro .o ro r*N C O  o -  r *
I 04 04 —«t-4 *-H C4^ C 4 f \ l —»C4—‘ C O O ^C s l^  —« C-4 UOrO**-*04
I r 4
i C4—*o—'C4to-«r UTvor^o—*—40o.cor^'Om^ror4^o*-«c,4ro,^or^coCH,_«ooorNs-«ob'>«<rror4—‘0-*-Hr4ro«rin<>r^
I I —l^ v-4—• i i I i i I I i I *-4—* i i i i i i | I
I i i
i  « r  <■ *0  o -  ,T « r x r r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o r o c 4 o - 4 0 4 o 4 C 4 c N C 4 c 4 0 4 r 4 C 4 r 4 C M r 4 C 4 r 4  04
t i  i t  i  i  I 1 i  i  i  I I > I i  I i  i  i  i t  i i  i  i  i i  i  i  i  i  i i  i  i  i i  i  i  i  i  i  t  i  t i i  t i
I 04 040404 04 04 04 04 r 4 04040404 040404 04 C4 C4C 4C404C404 04 04 0404 04C4 c404c \|C 40404C4 0404C4 C4 04C40404 04 04O4C4 04
C-4 C 4 C-4 c -4 C4 *-* -4  —• —t —«^  —i • 04 rO 1-1 r o  C-4 C4 04 04 w  —»04 —«—«—« —• t - i  —«04 C-I 03 04 04 03 C4 f o  C4 —• 04 —• ^  *
4 03 1/3 0  *o 04 04 O* C4tO fv.rOo.ro m C K f^O r^O O ^rO -^cr^^-^rj^ ro -.—<^U~4C4C-rn(>-^CDcn—*— 'Cs-O—*00-°
i o * >N*«0 '<5 fo C 4|i-)C h-o5 fO c-4C4c-4»MTi»T,- , ^ r ^ t o i < “>—104 ^ * t-«  o *  m  o * c o 04© C D t/'3U'> * r  « o ^ f-5rv « < rrv » O rs *s^fN . *o
i 1-1 * - i ^ r r o -^ 1— t-« t- * t- *  *-« r o - ^
• m  r o  co  o *  <j- o *  c -j ° *  co ° sio ^ "J r o C 4t,* j'O i/- ) a 'o o O c - 4^ c - 4— o ^ » c 4 r o  c -j r o  cn r o  c>* co  o *  04 r o  o  - o  04 t o  co  co  r o
i o N « o 'O M f '< * o c O r N  r 4f o « r ( N o s ^ “ m i j ‘J f o O f r . c 4 n r s f o * O r o v i * r C 4o » n f ,x ^ , ^ ) O f s r N r N '0i 1-1 i-* i-t —• <Tro— * *-< "O ro C4 *-<»-• t-« ro<-»
i  o *  co  f \ < i  lo  ^  r o  C4 o ^ -< c 4  r o  uO 'O  oc* C 4 0  o  co  ^  *7- c i  *-< o - * c-J^o-<r i n  f 'x  co 0s- o  c>-co c-v ->o l t  -«j-1 » » i 1 1 1 1 —*—<—• 1 1 1 1 t 1 1 t -1 ^ 1-* 1 j 1 1 1 1 1
« 1
I r-** *0 *o M3 --O -O *0 *o '■O *Q ^  *-0 ^  -O M3 .© *0 *o 43 --O tO UO UO UO tO uO tO uO LO UO UO gO t*3 UO UO UO UO UO 1/3 UO UO *s- *T *3“ *T -r  *4" *?■ "4“
1 f I 1 I 1 i 1 1 1 I t 1 t 1 1 I 1 1 1 1 1 I 1 1 t i f I 1 1 < I 1 I I 1 I i f 1 1 I t 1 t I 1 I 1
I c -4 c -4 C-4 C-4 c  4 C-4 C-4 C-4 C-4 C-4 c -4 C-4 C-4 C-4 c -4 C-4 c -4 04 c -4 C 4 C-4 CM c -4 C-4 C-4 f '4 c -4 C-4 C-4 C-4 C-4 C-4 c -4 C-4 C-4 04 C-4 04 C4 04 04 04 C4 C-4 c -4 04 C-4 C-4 C-4 r i
I r o  C-4 C4 C-4 C4C4 T-« r o  c -4 *3“ C 4 C4 i-i —i —h i-i fO  *"“* C4 C 4 rO r o  c 4 o  C-4 t - i  fO  C-4 1-1 *“ * t—i C4 C-4 04 C4 i-i C4 C4 '"H r-t *-* t - i  C4 —I r o  t - i  C-4
I r o  « ^ - o m c 4 r * * * o  a *  0 * 0 *  «-• 0 4 .0 0 *  m o  0 3 0 * 0 0  c o - o u o r o o *  0 3 * 0 * 0 0 *  ro - 'O r '* * - *  0 4 0 *0 * . C4 © u o r o r o  c*. cm 0 3 0 * 0 * 0  4
i  O  co  ^ r —i O o r o c 4 ^ ’ CK f^ -« r * ,3‘ C4 C4 - r t > ^ .  ^ r o C 4 r o r ^ in » ~ ‘ ^ -« ro & - * o  03*003 i j O ^ « c - ^ C 4^ « 'o r O o - ^ r c v r ^ - « r r o ^ r  co
t  i-i ^  ^4i~*^i-i in i-i C4 ^  —4 ^  —• r o f o  —i --I
i
i <iC4^ o-«roOf*sOco c4a3’^*moo-«r4na5f^ co^ tJ^ C4o^ roM3^ HM?roinm^ a3*-‘r^ oO(>»cDc4C4c>sCOo-cKiO'^ ‘OOuocr-
i  * r  *© c Q f3 o 4  o © r o  0 4 ^ 0 * 0 .  <^*-«rT-i04o 3 <>.._! T-»c404* r C D u i ’ - • ^ 0 * 0 * 1 0  c o o * r * * i f3, - i O  r ^ ' - r o ^  i n  cm « rC 4o * * o m o 3 m o *
I *“ *04 —I t-1 ^  ^4 r o r o  t-H T-i
I
i  o  ^ c - 4 ^  *o  o o —< * o u o * T ro C 4 ^ * ^ c 4 r o o - c o  0- 04^ * 0 1 0 ^ *  r o C 4 c 4r o ^ * o r ^  co  o * o C v < , « r  c 4 ’^ - « o ^ c 4  r o - r r ^
^ t | i | i i  ^  i * i i i  i  i
I o O o O o O o O o C r C N C ^ O - O 'O v C N C h C N O .O o O - c o O O C D C D C D O O C D C O C D C D r O C O C D C O C D C D C D N N fs r s N rN N r^  r ^  
t I I I I I I I I I I I I I I I t I I t t I I I I I I 1 t I i I I I I I I I I I I
I I I t f I « I t
I C4 04 c -4 04 c -4 04 C4 04 04 0-4 C 4CM 04 04 C40-4 C 4 04 C-4 04 0404 C4 04 04 04 CJ 04 04 04 04 CM 04 04 C404 04 04 04 04 04 04 C4 04 04 04 C4 04 C4 C 4
I C4 04 tj- 04 C 4 04 rO 03 04 CMfOC-4 C4 04 C-J03 C-4 03 03 03 04^  0303 03 05 < r  03 04 03 03*0 0 4 0 3 0 )0 3  c -4 03 03 04 04 04 04 03 04 c -4 03 04 03
i C4 r-% rK C4 ^ cc*c<r^  *o rrio co roc-4 oft co m  l~3 o  r*-*>nc4 p  04 r>^ ro p  ro ^ ro *p «j- ^  ^  cpi o  O  ro-o cd ro *o c-4 cx ’- ,c-4COr^-^ c4*o ck r i r o  -muo uo c-iuo c-i*o *r ov.C4c4C4 r  iC4 ro*<3c4 *Ocof'*-»-*ro o .ro  r»-j ro
I ^  O  * h O  C*. 04 CD C4 CO U O '^ 'T  04 C4*0 CO r*». f )  U“> r O ^  CO U*> <9* 0 **0  ^  *0 ^ 0  CO « T f 's- CO 00 O- fs^ ^ - * ^ o o  uo r o u " ) ^  & * i<o
i o ^ r o * o c o r o * o r o  r j  C4 co co  04 r o  ^  o -  uo c4  ^ i n  uo uo  C4 uo C4 l o  -«x cd  04 C4 C4 r o  *o  c x  o  co  *o  r o  o *  m  c j  ro
v- .j i -(in«TnrH^rj-io cor*'. ouo*r C4*-<o —<CD'Oirj*rc4’-‘ «r o-r— #c to—*o,**^ »^'UO*ocot:»sfM — trz> *-* fO-orsaj^’rr^CJ *-«
10
*F
ob
s 
ari
d 
10
*F
ca
lc
i n  u_ i  C't ***-< *_<«-«roro *-4C i t o ^ r M n r - 4»-4 c i« - i  * - tn « - * * - t f o r o r M C M ( n m h , - « r - 4*~ » C M ^rs icm cm t o ^ - f o c iC M n r o n c m
o  i (N r^coti')co^*c^^rjroii'>foro(KO^f^*oo'>ocM  u i n s 'O ^ 'O 'O O O ^ 'O t o '0 «t u*>m *~o*cDronrN .focom ^-r4cs*rv 
•-* t 'O th a ^ rs 'O fs^ ro » -« o . 'r« r iO ‘CfNMCO-o•o*ots*‘CDO'«oOro»-<i')’- « o o N ^ in c o r H O jo o O N r N r jT n M '0 ^ 'r& 'C K  
to l  -4 ,-4  fO . - * —• —» *-H -4  —*C4 - 4  «(M —Io  I
U- I
ui i r o o r o —<rM > *<:>rofo .-tcsG onfo^*,-i4nm 'O rs.rJo .*ororo .^csri*-«osion^*4r*-4riO o*r,-ir>cororoco<i*om roM “csXt i 'Oocsf r^-.fv.o-o o^Mromrv.rorocDin'Oinr-cDCDLoO^ ' -^i^^ corsnmcocMCiOoorv.'OcMM-rofOMamo* cso-O | fO ^-4-H  ^  »-H -4 *-* Ci —* ^ ^ ^ —.Ci~4
U- 1
—i i O o-cor> .'04rror4*-40*-<nro<*-ro.*M C >csC D rv'O io^*rori^o*-4C M ro*rfors*om -Tron ,^ o * -« riro n » -" ,ocorN .-o*r—• I I I I I * I * *-4_4-r-« I I I * \ I I 1 I *-» I I I I I I I «-4~-<r-4 I I I I
1 * I I I IIIt *o *o*o-o'0^ o'0-o'0.o'0*o-o»or^ r^ r^ *r^ is'rvr^ r^ rvr^ f^ f^ rvr^ .r^ rvr^ coooco€OcocoooooeococooocNCS£>sCKCKCSo, 
X  i cm c ir ic iC ic M r i r i r ic i r ic i r in r ic iO ic i r ic iC M c ir ic - iC - ic M r ic i r i fM r ir iC io i r ic i r - ic iC ic i r i r i r - i r i r i c M r ic i r i r i
xn j
iCO ,
^ cm ^  ^4 r o  r o  ^  rs i *-4 r  4 r  i - 4 -*4 —• *-4 cm r - i  {nj r o  •-< r
o  i  u T c K ’- 4 o co « - i r ^ * -4 ‘*r c o '^ ‘ c a O a 3 ’ - * r o ' ,*‘ cD vO o ,- <o ^ f O o o ^ o c > ‘ i r » * ^ ' 'O vo r ^ ' 0 - r C ' ^ < - ^ h o r^ u '5 -^ '0 '0 < ^ -« T o s « > -^ H ro r> s .
*-« i c m r o r o o r o o - r i , - * —4 - « r in c i ' ,*’ i r > c o o ,“ , - * - ' r i . * r C i o . r >'r o m r o C S o m c ^ 4 r , ^ r s .« T - r o c o ' 'O a 3 C S « r c o r N . C 4 o r>‘- * r o i > - r i r o c i
ro | r i  ^ h i o  r - i . - *  n ~ <  cm —» r i  n  *h  «~i •«—i n —*
o  I 
Ci- I
u i i o o ^ r o - r i © C '4C K j> 'iO ^H 4r fo r o < i O r ^ c o —* r M fo  ^ * - 4  r - i  r - i  ^  r o c s  i n  r - i  ooi4"i«^-»-i i,-) c o c o 'O r o —» r^  f ' i  oo r ^ r ^ M *  oo cd r - i  TnImsjq i  r i  r o • - ■ o r o o r j o *-• : n  m  r i  o -  i n  c o o -  *-• r o  r o  •«-“ r - i  o  r s  t o  m  r o  ^  o -  *--• r-s «*■ ro c o  r s  33 o  r s  ^ n o r s t o o - c i r o n
o  i n  —4fo h M h  *-♦—* n  *-»ro r i  *-« «-* —» ,-4—* ^ , r o ^  n *-»
Ci- 1
„j 1 r i  T~t o  r i  <3- o  r-x co o  r i  o  c s  co  i ' ' .  vq l " )  «g- r o  r  j  ’ -4 o n  r o  « r  Ij") >0 r^- co o  cs  co  r^~ *<1 *7- r o  n  o  n  t o  o "  f ^  r o  r i  ^ -1
1 I I I 1 | I I I | I —I - - .  I | I I I | I | I - 4^ 4—1
I I I I i l l
'i£ f »o r o  10 r o  r o  r o  f O ro  t o  *o  * r  « r  *y  m i n m m L O i o m m m i n m m t n u o m m m N O < i * o
X  1 r - i  r i  r i  n  r - i  n  cm c-4 r - i  r i  r - i  r i  r i  n  r-J r - i  r - i  n  r n  c i  r - i  r  4 r - i  n  r - i  n  r - i  cm r - i  n  r - i  r  j r ic - . j  cm r  4 r i  n  r 4 r i  r - i  c -i r i  r  4 cm cm r - i  c -4 r - i  r - i
4**4-r-4-*-? ri r - i n  o  •-!-^4 r  4 »-•-<-4 ^  c-i ^  ro  o - r o  r i  r - j  cm n  »o cm -r-t ^  r i  c i  10 r  4 fO  r - i  r i  t o '
o  1 ro L o r iC v f^ o o o 'C s c N r^ c iin c .rs c s ^ r  o < o ^ c D —<'Oo'OM3 »*4CMCKc.or4 COror^csr'oC>M 3 CK^o'L0 ^ 4r  o c iM 3 o
r-4 t i i * ) n c o n i n o o o ’-4 'o r o r o 4rn fO r> v ro ^ o ro c 4 'O r4 r^N or4 c D in ro ‘,»*'0 ^ ^ 4  0 - r x 4rM 3 r v ^ o r i o r o c 4riL-)LOc4 in o r^ c Dto 1 n  n  cm m  ^  -*-4 to  cm *-« o * ^ n  -*-< *-» to*-*-r -<» - r  r -4 n  *-«rM ^4  —*m ro
o  1
U- |
1/1 1 r - i  ^ C D - r f O o ' - « i s . o c s o o n o o o c s o o ’ - ‘ r 4f s c s r ^ { s r ^ . c D t ^ * r C 30M i* r  ^ - f > v ^ o n ^ a 3u‘iC S in C O o < x » r o 'O r o ir > C K C s n r ic K
jQ  1 i n  n c o c i r ^ c i —' o  ^ 'O i i O r o 'O r o  ^ r c ^ r o ^ f o . - *  - o ^ f s m  r o c o ^ r r o  m r s O o -  " O r s in r s  c o o  —4 —«r o  c a n  m  i n n  m o  co  cn
o  1 n  c i  C i lo  * r  *-t r o  r i  *-4 o - —« n  -^4 ^-i r o ^ o “ - o r o n  n  ^ n  —‘ t n r o
t«- 1 -4
-J  1 cs co »r ro c i  •-* o  ^  r-i ro -3- ijO-o  o- o  ro r-J **4 0  ck co c-. MDtT o ' ro r i  o  c iro  o ' i,n r>K co r i  '- i  o  csfx -olo  O' ro1 I 1 I I I 1 I 1 4*-4—« I 1 I 1 t 1 | * | -4-4-4  I | I I I |
I I I I IIIul 1 *-4 ^H«-4»H-^4^-i*-4^*-i^-i*-4^*-H*-f^4,->«*-4^i—4CMr4c4rinr4c4r4r-4r4c-4r-4r4r4ciric-ir4riric-4r4rotorororororoioto
X  i cm r i C - i r i r ic i r i r i r i r i r i c - i r i r i r i r i C M c j r ic M r i c i r i r i r i r i r i r i r in r i r i r i c i C M C ir i r i r i r i r i r i r i r i C  i r - i r i c i r i r i
4 r  4 ro c  j  n  ro r i  n  *-• r  4 -4  cm r  4 o cm r i  «-• t-4 ^ 4 *-4 ro c  4 ro ro r  i r -
c i  1 —i m o * r i ^ > o r o o ' 0 ' r o C D r v . c s ^ c o , - i * « * o rs » - t r i c o r ' s» 'O C s c * .ro c s rN* * - « r o ^ » - 4r i r v . « r a a r o r * . r o c o * o r ^ n i i O o ‘ r s-**44r t 4*<
«—1 s »o ^ ' - i r o O T v r o o ^ r o r o - r c s ^ o - c K ' O o - r ^ ' O M - o i ^  n r i a i r o r o t o c o c s m C N o - i i O r o O r s > 0 r o ' O r ^ r i ^ 4»-4^ 3LO<»cor>v
no j  —<—4 «-h ^  cm —h m  —* —4 r o  c j  —4 —4 r i  r i c i  i n  i n  ro  *r r o r o —*—i
cj i 
a .  1
i/ i 1 t o  co  co »o o  co  o - r o  «q-00 c s  o  *o -*c  >0 uo co os  r i  n  f ^  c s  m  n  45* i*o o» r o  1^. t o  —< ^ - c s  c o n  co u o o o c s ^ u o  r o  1,0
j j  1 ‘ C  ^ ^ 4ro < T v o c M < i4r o i i O o - c o o r o o u o r i m c o * r c i c s ^ r o o r o r o f ) r ^ C D 4y -c s ro u *3r i r o c D r ^ r i O O c o —i - 4—i 'O 'O - o c o c s
o  1 —4 —1 —«—< -^ h n  *-4 n  -4  —4 - h ror-4 —< «~4 n  n r  i to  in  ro roro-^-r-*
Ll- t
_ j  1 t o  c s * - » n » - 4< r * c ^ c c i * o u o < r  t o n  - - * 0  - 4 1 - j r o  *r - o r - ,  c o o - * - * n » - * o c k c o f -  *0  u*>*r r o n  - 4o ^ i ' 4t o * r n ' O i N c o O M - i o
7^
*© u. i <NCM-4rororoto**4C4— h--»—t-^ rorocMCMCM— »ri^ ro4rfotocMrM-4r-»-4—*
*o  - 4  r o ro  * r  t s  csr-J *o  t /N rs .'O in  O c n o c n —« o r o  —4 m r o o o o m o r i « r  c D fs  ^ ■ c o o v 'o c o  r o - o r i r s c s « r  —* - n r o c i f s  oo cm 
'O 4r r O ‘ OC*-4f o m - t 4r ^ * c ,4M 'a ) a 3<S4c m - 4r o t “> ro rv .» o m fs c D ro c K fO *-« c0  4rC 0 ( N o - m c K r v .-4o - r -4sO4r  o ^ m o c o m m  
- 4  cm * - * r o C ic i  —4 r o n -4 c i  c i  —* r  4 o -  r o in  —<«*> —1
r o  in * o c M o - 0 0 T -i—n ^ i n r s c s o r s c D C O ^ - c D r O 'O r s i n m —»co 4r r o M * r o ^ 4 C s c o c o o r o r s r ^ .C N o r i * o < > » ^ r  m- -4  o *  co m  f s  r o  
* r  i n  co  t o  n  i n - 4  ^  r o  r s  o ^ c o  i n  m  o t o  r o  r s ^  m  f s  00 c s  * r s  m  co  ^  m  c s  00 cm o - r o  r o  cs  m  ck  00  *0 - c
r  m  - o  r s  cs  o  r i  cs  co r v. M3 uo o - 4^-4— 1 1 1 1 1 1 
. it
\<i 1 - r  o ' - r O ' r o fO r o r o r o f O r o f O t o r o t o t O r o r o r o r o r o C in c ic M C ic iC - i c M C M c M C M r iC ic M C ic iC ic iC i t M C i—*—*^ 4—4—* - 4 ^ 4 - 4
1 * 1 1 1 * 1 • 1 * 1 * 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 i 1 1 1 1 » 1 1 j 1 1 1 1 1 1 1 1 r
x  1 rofoforororomrororoforoforororororoforororomfomrorofoforor^rororoporororororororororororororororo
u_ 1 rirociCM-4C4,_iri,-4t-4CiCi—4CMr4CNro*rci^ ri,-‘roCi.-«i*4ro-4»H-4fM{,Mrs4CJroriCMCicir,J-4-'4*'«—*-4-4-4-4-*-4xn 1
cn *
u  1 r s  * o r i f O * r  —40D O ' - 4 r O r o C i^ H r i r o O ‘ —* 0 ' * r r i r i C O - 4C M ^“ O r s kc s o ^ u o - 4 >o  -4 0 | JT '0 < - o o ^ c o o m m r s r v . M “ c o *w ^ ‘ r s1 1 vo 0'riOoom'0'0'OCM4r'0-*uoco*-4inroo'Ciin‘OroUO'0*-*oCMcK'-»inootnCs^r'OoOriCir^-4r^ODriCM|i-)Cicr'-4
to 1 **4 —4 r o  r o r o  - *  —< —4 —4 —, ^ —*^-*04 - 4 - 4  r o  r j  n r o
ci t
in 1 >0 4TroO—4rs^ -,—<mcio*»o_roco—4rsij-jco4rCO-4'-4 0'»-*riC>fs*,<>o'0 -^co4r OfsM-—*c0'0*w'oroorv-'om^,roors
jCi 1 -o ror4<>coo‘rsM3tnCi4r<»*H4roo^ uorooCiin'Orimrsriri’^-4 04rrsincs^*'OoC>cirors-4r^ cDci*-*uoCio^
o  j —4 —4 r o  r o r o  - 4  - 4  - 4 - 4  *-< —* r-s .-4 c .4C i - 4 - 4  r o  r i  n r o . - *
00 o-4 0"oro-4 0-4Ciroo- uo"Ocf'00'COfs^ '0|i*jo_roC4— c-4ro 0*1,0 'OncDcs^cs ®rs'0*r rori,-4o^Ciro*r m
r ^ r ^ r  o -
1 1 f
5 r o  r o  t o  r o  r o  r o  r o  r o  r o  r o  t o  r o  r o  r o  r o  m  r o  k ) r o  r o  r o  r o  r o  r o  r o  r o  m  r o  m  r o  r o  ro  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  ro
ll. t c-4 cm c*-4 ro c-j ro ro ro ro Ci ci c-j —* ro c j c-i ci -4 ci ro ci ro c-4 cj to —4 -4 -4 ro — »-4 ci ro ci ci o- ci ci ci *-4 ci ro a  -4 -4 — 4 ri -4 —<c4
xn 1-4 I
cn t
o * —* o-40^rsCDofsoo-4Csosrs|loomrs'oC4c>'COr>l.-4ocsfs^ mrs'*o—4U'>orsa>^’cMCsrs»-4rs'OfO’~«-Trsrorociso
«-» 1 r s  m d c o o - n o - o - c i i n r o ^ c o c i r o i n u ' i u o o ^ r i r ^ o ' r o r o - r u - j ^ ' O r o ^ c D m o - c i ' o r o c i O o - O ' L - j C i ' o r s o ' C D r o ^ ^ O '
n> 1 —4 - 4 - 4  —4C4«~* -4  -4 c -4 *-4-4
0 1 
U_ t
wi 1 *o rso°ororocKmci'<3-4U*7co^ uoCi4rCi'OCiii')**4incOfsmoKfsu*>ociroM3roro<rrocsiJ->-4C0ci-4 0u‘)Ci-4rs4r uo
jCi 1 'O 'O c o r o r s O ' r o C i i n C i —t c o r i o - m i n  m - 4- h  c 4{ \ i n r o r o r o i n - 4'O r o C i o o i n f o  C ic e r o  c iM D ^ - j c s in r i  ^ o i s o r s o - o - n o -
o  * - 4 - 4  —« —4 c i  —4 - 4  —» r o  - 4  _
u_ •
 1 t n  r o o * m  f v . c o c s 'O u o r o c i ^ o ^ r o O ' L O  'O ps .C ' f s  *0 u * > o 'r o c i - 4 0  -4CN o ’ t o  * o r s c o o —4 OO'OUO < r r o  c i - 4  ^ c j u o  *o  r s
1 1 1 1 1 1 1 1 1 i  1 1 - 4 —, 1 1 1 1 1 | 1
^  1 o O o O o o o c s o . C K c r s C s c K C s c s c s c s c ^ c s O 'o o C D a D O O c o c o o o c o c o o o o o c o c o c o o o o o c o f s is s . n r s r s r ' . r v r s r s r N .n iv .  f'v
- , - 4  , - * - 4 - , - 4-4 I | I | t | I | I | t | t | t | 1 | t | I | t | 1 | I | 1 | I | I | I | I | I | I | I
I I ! I I I I
: n  1 r o  r o  r o  r o  ro  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  ro  t o  r o  r o  r o  r o  ro
1 r o  -4 0 ,,~ ' r i r o c m - 4 o c ^ i i i T 0 - 4 1>.cor- ■ c i i ' t  r o o o i c , o * r o c i - - ' r M L " > > o » M o - 4C i» o r o c M f M io o “ m r s t o o - f  rocM  —  *
1 1 —• —r —, : I I I I j I * J «   1 , : I t  I I t 1
i l l  1
1 cr lk  o -O -O O  O O O O  0 *T- -H--4 ,-s -« c  jCMfMCMr-iroroiOro c <rii'M<MiM —• *-* —*»-« —4 0 0 0 0  <
uf
 
iO
KF
ob
s 
an
d 
lO
fc
Fc
al
c
I
r*v u. i cncn «rcNCNrON,*CNCNCNro«-t —«*-iCNro*-»rNcncn^ fNCNrororofNCNrNrNCNo*-N-rocNCNfN-^-ro'rrororNT *»r ro c rro cno-w i 
—* i
a i t o  i
«A | 
-Ci I o I
—t ci c-i cn ro ro cn cn cn
« CN ^  r i  n  r o  r o  CN cn  ^ C N  CN r-J *-« CN r o  CN ro  CN CN fO —i  CN r o  <N CN c  4 CN r o  c-J,
o i Orov-,^ -co^ -Oo-cNririfMr^ '0‘^>r4<»coiorofJ^ -<riJoco-o'Oi(-iro-oOo^ N“t,oo-ori«cr L0rkiriocj0'0~‘»-»0ro'<»o'•*« i «-« do f'*r^r>*03r^«orN^ro c-in- ^ -couo-o -n- rvroCNo.o-c-4 '■Om'Oro*o -oO ro  o -c o ^ o - fO ^ o -^ U T ^ H r^ -T -a -c jr 'i^ ro ^TO | OJfO C^N h^^hIO —« —<r-« —*^4-r-i w  ^ _Ci,-«
t
u- I
^ i ror‘40s^ **-»^ iO^ &'ro*-«o0OcD,9*ir)'0^r ■^ c%jo^ -o_roco*otoriCO-^ j-'OoCD<j»-i^ o<r-«co,^'<r'Oo^ roii’J—
jO I ’^ |iTN fN .N cof>“ O f^ « rM n  ro ro C° o* bOoO C O f iN c h O 'f j 'O b if^ v O ^ th in M c O '- iO .fO ^ ^ -^ b T ^ iN - r  CD*-»Cio CO^h
o  i  cN fO  *—4 ^ c n  - n ^ r o ^ * ^  t-h ^  ^  ,  , - » c i ^  _U- I
—» i tO r 4^o^rjN‘r^ ,:rro»-»o00rv'0uT ‘^rori^o*HtNro'N-'OCN^ HOcNrv*oL’'jfori»-4 0 T-ir ji/0T*^ oc»‘ co r^ -obo^ r ro cn* I * *—* *~4 I I I I I 1 I I « I I I I | ! I — . I I I I t I I I
I I I I * I I I Ii o‘^ -o*^ r^ r«j-o-«rtj-JL“)i»‘)iiot’i|J-jLO^ of)iJomt-iU'JiiTi'‘>m^t.o,^*o*0'0’<,NO*c%o*o-o>o>0'0*orvrv.rN.f^ rvrs.r^ rv.r>.rv
x i rorotOfofOrofOrofOrotOrofOro*Orororo rorororororororororororororororororororororororororororororoioro
■i rJro r o  cn  t o  t o  r j  cn —Ti *-»*-» *n ro cn t o  “^roCN,-* r o c - j -
u i ^‘«rO~*CN*rCOrO’-‘coo>cif^'OfO-«o«rM<h*-‘T'OoOfN»H'00«o»H(>»OcDfsc«ic^«r-oS‘C'jr<)nco(>»rNoC>0' i rororj^cDoriofOcs'Or^N'cDriND'Oro<9*o**ii*>»HCNcofo-oN-o^ 'OoOuiCN vOrvr-rocor^fOuo<icNN“m  n-o o-o- 
ro | ro*-* *rjrooCN ^  cn*-« cno |
Ll.  t
i/ i  i o - - - ♦ o r i r o O 'C i • T T ^ i O f v . c n ^t N’ o ^ O ' r o s D C K r ^ L o o f O r o N - o o - r ^ N - r v O r - jO O o ^ ^ r ^ - N - ^ H r o r o O 'o - O 'o - c ^ r o f ^ ojo i ro ro cn *-* co o  cn o  cn co r s . - o-«r co cn  fN  * o  c i  n - *>> N* ,-< C N r v r o - ^ - ' r o r - ^ O ’ -* i n  r o ^ - o r v r ' - c t r N - r ' - r o  i n  in c n io  in * * *  a?  ro%oo i r-i — *-*ci*r- ro,_, —<*-t--ooro.oCNi c n , - i c-i
u_ I
—J i co  r o  ’r*-< o  c>* co f'v. "O u"j « r  r o  cn ^ o ^ c n ^ t l o  "O r^. co  o  cn *-« » -  co  '•o l “5 o -  r o  cn  o  cn r o  l o  < i  r ^  cr> r o  c  .i •*-< o  o-> co r^- *o  l o  * r\ \ % i t i \ \ \ *-»^h t t t i t i t i i i i i r •
ill ( i i i i ijz i »-«riCNcNC,NriCNcjCNc>4CNcNCNciCNrNCNc4CNc4<NcNrorororororororofOrororororororororo^"«T'^*f *t *r *r *r *r *r
x i rorororororororororororororororororo roro ro roro ro ro roro ro ro roro ro rorofOro roro ro-o ro roro ro roro roro roro
u .  i «*-<ro r o o - r o c j  c n c j  —«*-»c n c n r O ' - ' f i N - f O  r o c j —«*-< <n  , - i _
xn i 
I
CO I
o  i o  •HCNf>iLOcoCh‘ ^ - r ^ .* - i i jO ^ -  o “ o o ro < o C K c i lo c n  n t ^ o  c -i o -  ro '* "4- - !  •‘O c i O f v .  n -  vo  *o c d  n *  o  o  *-o rv.r~^LO C K - © c i* o « r r v
—« i r o  t-« r o  r o  r o  rs .« r  r s . * r  * r r o  bo - o  ck  l o  cn cq  co co  o  —*  o  cn  cn  *o  f>. r o  <-« o  o -  « t  r o  m3 *-« *o  »■« *o  r o  i o  cr* o  b*i a*, cn  o  -o
ro j ' - ‘ c s ir^ c iC N r o C N r o r o  — r i b O —< r j  cn cn _  ~-«c j  r o  c - i cn —« cm ,_,
cJ I
Ll. | «
i/» i c o r * s C o u o rv .r» x ^ 'O b ’>*H4i*ac»^N- --oL’> -< jc » * - o ^ 'O C O 'O r 'i * - * * - « c 4 0 *o »-<cN r,s . ^ H L O c o b o * - « ^ r v o ^ 'C O r o o c o r ^ < * c o o O c K
X i i • T c o * - » r o b O i ,o o ^ - r > .o - <^ * c - jb O * o O 'in c N c D O r > ,c D r o r N .c i^ * * o r > « .c 4'^ o r o t o r o » o * - i p - ) 'O c o in ^ ’ * - * '0 < N c> 'rN .o sC N cN O i,oo i *H,-4rvtNCN roro roro —«—< *-<cn to —«cn cn cn,-, *m*-« ^ciro — cn *m^ cn—i
u_ I
n ro o-1 “«o r •-. r*- r o c < —, o tr- co r ^ * o to «r ro t n o  ro o* L"i - o
—« -r-4 *-*! i t | ! | I | | |
♦ v i I t i
l t t r t r i t f i i :
co  u_ i  *-4*-4.- ** -» r-» rN r-4r \ i —t —i C N r o o - 4r 4* - i —» * -i—4CNr-*«~4r N ^ — 4C N fN c N ro c N fo * - *—4*~t*-4T-.—i r o —4»-*—4«-4, - » r o r o r N r i r o
XI I 
■*+ I
a* cn  i
m
ro
Cl. u i r^ LTcM'OC4^ i/*3f*' rof^coo^ii"> o in co ro *-« moo 0* *-«oco in <n «r ro «r oo^ *ooco ro co ro <r *r co «rc«* Is-r% rococo rof--r-» i  C4 ^ *-*r - " c o 0 4 c-4r im o - o r o t o o i n * o r o N * c - 4"O *-«o « r * » * > o r x 0 0 o r o * 0 c ^ o r ,' i n r o o i n o . <r c - 4’- • 'O c m (n i* * jo - - to
ro 1 r o  »-«—4—4 4-4—4 —4 r j r o  * -*cm —4 ro  «-4 —4 —4—4 —4 r - i  r - i  lo  -4
o  t 
u .  1
0 1 u')f'icf'iJ',i.')’On^fjfN(MMoooi/*i^wfs*ror'a),Trsii')r,'^to»HM(DCo*o’,orsth*^ co*or>-coCDo,r,T*^cs^co’H
j q 1 ro-^or- O'fOroc-i vocro,r«r *oif>rxt>4*ocN*‘Oro*-*to—<n,4norxcoOrou**ro*“«0'-f',*tri^ '0>OrxtN—4fN-or-4CNbOooro
o  t r ' i ^ T - « r > ir o  r o  « -4 -*~ ^  1 - 4  c s iro  —ic m  - * r o * - « —« —« —* r i r 4 b O - 4 - * —4 ^ - t—4
u_ 1
._ i 1 o -  r o  r - i  *-< o  ^  r - i  r o  <■ l o  <,<••>. o o o *  t o  r -^. " O b T ^ r o c N —4 0 —404 ro * ‘r - o f s''C N » - * o O 'c o C ''" 0  l o  r r r o c N « - , o —, c 4r o - 3' 10 « o r^
I * I * —• I » I * I * I • I -4*-«-4 I | I | I 1 t | I
I I I I
ui 1 f i W r i C i r i f ' J r / t N n c i r j f ' i N H H H H H H H H * - * H H H H H H H H o O o O o O o o o O o O o O o O o o o O1 1 t 1 \ * 1 * » 1 * « » » i » 1 * t i 1 1 1 * 1 * 1 1 1 1
2c ■ <r •< ro '^ '* r  «3"*r*»"«r * r* r«9*4,*‘ «<r,' r '« r * r ^ ' ,*r'
u . 1 » - f « r i r o r o O i r o r i—i r s i » - < « - i o r  *Hi*-*rocsi« rro r^o rc iC 'i^ -**-<  *-1^ 4 »-#»-» o jro ro C 'ifO r-4 ro fi—4*-^
xn 1 >*4 1 
in 1
o  ■ * r  r i  < j  o - ^  uo r - i  Lo  r >4 t o  ^  ^  1 0 ‘> * ^ r ’« r 4JT co r o c o  r i ^ o r o r - i b O o ^ O * ” 4—^ J o - r ' ' c ^<’ 4 u i O - . c n
r~* t r * J c ^ - o ^ r r o t i ^ b o * - ^ C K O - r J 0o « r '0 4 r ,^ - o o '^ , * o li'5^ r '< 5< N 'O r ^ c ^ c o O r N .» - < - r O * r * - 4> o « rtn O « -ro O > -r4v< * ^ r O  
co 1 - r  ^  CN ♦*^ •^ 4 —4 r i  —«—1 —. <*-4 —4 cn  o r
o 1
U_ I
ui * r''OuoT~|c>'rO'ororr3'0<rc>'coOfNv*Oc>,ONlJTooo'’-,0'CDrvsf'-Jr>iCOO'rocN,r‘oo^rorOr>iOcoco<>vOobOroo-oooooi
jg, 1 rooo-o^ -r c*4uoO'o^ —‘o'Oro—*co^ *-»corr'Cro'»->co*^ >'0'C^ -,*oo>orvCx>oo'Ors.»-*4r Oro^ 'O^ ioO'rocor-ibOijoo
o  * 4}-*-4 r - i *~*ct —4 - 4 - 4 —4 —* —4c n • r i c n
Ll. *
1 roo->00'oOO'r-"oL“)ro'-*o—‘r4ro<rUO.oooO'OT-iOc>'COr^'Om-^ “ror>i H^O^ ,r4roo-l,-)'Or\c^ ri—•ot>'cor'"Ob“>
—I —'  t • I • l  * I I I I I I 1 t I -r-4—*T-l I I I I t
I I I l i t
:* : 1 *r <■«*“ -«- * r r o r o  r o r o  r o r o  r o r o  r o r o  r o r o  t o  r o  r o r o  r o r o  r o r o  cncn cv j o r  r-a c ic jC N
1 1 1 1 1 1 1 1 1 i  1 1 1 1 1 ♦ 1 » 1 1 1 1 t 1 1 1 1 1 1 i  t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
:2: 1 ^ <r ^ c <r'r^«r,r<T<- v c ^ T ,r ^ c ,r4r^^<r^«r<-w,r T < v ^ 4 r V c ^ ‘r^4r«rv^f,r v r
u_ 1 cn ^roCi-c-C'iriroriro^ rir-i—»—«oi ^•^r'i^ro rororori ^ 04’-* «-• 04^  ^cn^^-, r-* rorirjfo ^-1 CNr4^ t-4—• 040-4.-4-r-*
xn 1■r-t I
cn  1
u  1 o  <>• co LO l o  o-i co uo r o  o > ^ c o  < r  o  co  c« i00 r^**0  o ’ bo^-c*-* r -4 co  bo o  O v o o * -* ro  c - i ps.-»-< -«r c o r ^  <rCN 1 ,-50  r^ c ^ -r-r 1 •^cr-r-4W'oMo*Njji(D(h,f riO^'OriCir\0‘)cDOinN'OCMfM('4ii*i^ 'o»h'r4£>'-*-4ro'-<<of’ir4Nrn»-<ino
CO I —< CN —• — 4 —* — 4 M — 4 — 4 | —I —4 r -4 -r-4 CN fO
O 1
Ll .  I
ui 1 «oco(^'Oc4^fN,Oo'Oo'Oco,T,co*Hij')^ '0®'Cooa)W|l*)«-4^ mw'Or^ o«of>'*oO,-^ c4o3fNoor>»^’fsmr40'r4^ '
jo 1 4r&*r4ioi,iMo.cO()Tth(a^o^in'<io4f^ ,oi'‘Jo3*H'a'0'<JCMfMC4ii‘)04o'Ocit>'^r4fO’-‘'or4r4r,'<r**<*oo
o  I r i  **« —4~ * «H r o —4 —I —4f» ^ r- l T—f CN r-4 cn ro
Ll . I
_ j  1 i. - jN D f^ c ^  O 'C O r s 'O u T ^ r o O ^ ^ o —iC N ro  co  ^ O O 'c o  f v ' 0 tr ) 0 - r o  0 4 —tO rM C N ro  o c k  c o f ^  <1140 o * r> i-4 o —i cn1 * 1 * 1 1 t 1 1 -**-* 1 * 1 1 1 1 t 1 1 —» 1 1 1 1 1 1 1 11
^  » oocooocorN'0'r'sfs'f>.f>.rs.iSs-o«.rs'rvrN*rvrsr<sl.f^ r^ NDko'0'oNi o^-0'0',0'0'0*0'<»'0'^ '0'C'ObTiob">u_)bOi,*5bOi,oL")u’3L"i 1 1 t 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 • 1 j 1 j 1
TC. 1 *t  mT*r*T<r *r*r *r*r < ‘ ^ - * r * r « r * r « r « r  o * « r - r  ^ r o *  ^ r ^ r o - T  V t - c *  0 - 0 -  o - o - -3* * r  - r  «r*r*r * r  o *
n> *1 1
Cl .r4 I
u_ cn 1
o «
r - l  I
ro I
r o  "*■ r o r o  r o o - r - i c N r j r o i ^ r i C - i - r  r i r o c ' ^ r - i ^ r - i r o r i r o c N ^ C N r o r o ^ - ^ r - j r o r o r O f o r o r i C N —iC N ro ^
o  o  <r- 0 0 0 0 -  r  ^  i>- i
- t«o <» r''Co<^  r*^ vr»ror 4 —40 —.1 * »o' 
—• * 1 1 t t
L»' cr- O ' O ' O ' 0 .  l» •-. Lf' CO < O COCO CO CO CO i  C* CO i.
O' u. i *t rorororNCNCNrirNro^rorotNrofNCNOiCNrom-rrNrNrooiro^-iCNOirorororNCNCNOiroro— roCN^-oiro 04 cnoi
t>- cMi’)o£C‘oococD*4Hfs^-oNr''OCN'Oro *-« cd cn ro o^ nd «r bi r-4 co rx c-i o  *o ro **‘coO'«rfoinc-4oLn—4COrv ot" 
4«* •r^ r^ rrirjfxO'CNf'troo- CNCDroo'r>»*owofNUorocNcsiro rxu")4-4rxrxr-4ro ^ 0*0*0 csrorororx—4 4(r^ r'iCD^ rO' b"i«r- 4 - 4  -4 -hCN-H
JCi |o |
u  I
■ wc-4-.cuir)f*4c»'*Hr''»Hfs*Hfo *4o*rNoo*ofN*ocoo»r4coco*oi<'>»40TMMt'3o*rof\0'ii*)*o^ ,^ coo»ofNC4<i',o 
• biLi4rr4rsi‘OcKrorNrv44rCNooroo'rvfx*oribOr4-4 4^rrxO“--«ixoora-ro-o*<»biCKroro-«ror'iro-4rorNUioi'“)-«-
•—4 —4 -4 —4 r -4 —4 —4
—J i t-* or4uir>4-4 0-4ir)r *^oino“fo—*o—» cn ro co r^ «obi«^ -ro-4 0-4 C4^ -bior^ . cd r^ uirNi-4 0 cNro-r'O cd Oo-Comoro ri* i I i i i i t i i i i i i i i i i i —• i » i i i
ic  I 04 f i r J f i H H H H H ^ O o O o O o O o O o O 'O .C h o -  
•“ * — 4»-«—4«“ «—4»-*—4 ' - l —4 "-H—4«-4—4"-4 —4«-<—« I | I 1
I 1 I | I | I | I | I | I | I | I | I |
az j li m  Li m  bi uO bi li bi ui bi m  bi lh to tii bi t,iin m  b“) tn bi ui bi ui bi uo bi in li ui bi ui LO in bo m  lt in bi m  bi in bi m  bi on b-) in
xn , 
I to  ,
i o i  o 4 0 '- » * r o c N ^ r o r N f r i r s 4o 4*-« -4ro r» 4r '4r o ^ , r o r o r 4r o ^ * r 4—4 04 4r o " i o r  4 r o r o  c-i r o r t r o m r o  ^ r ^ r c N  o * o i  CN ro 0 - 0 4  r o  r -4
m i 
JCi i o  I
‘O 'ON3'Ofxr^ f^rvfNr^ rxrvrNfv.r''f^i^rxcocDOOcD03coLOcoooco^CNCKcr'C^O'0'a'0'csOoOoOo *-*-4fOrorOro
4 r-i —• r-4 cn ro r -4 o-j —< —«—< —• * 4 ro c '5 o* ro ro f n r-4 —• —4 —< -4  —«04  ro —4 c 4 04  ro «r ro ro *-« ro «-< - 4  r-4,
cn m  cd u i ro b i 00  cn t>- *Dr-4rxr>4 co co —• r-4 n-o . bo in  r>4 —4 ro ro r  4 0 ^ 0 4  -<j m  o  m  r-i o  o- cn co co co r-i -o 4-*—4
LO —tO'LiCDinror4r-iro*0'OC>'coOcNO-rvCKO'b-54r r^roo“rorOLicorxCO—i^-4—iOOs o“fxfxcoincN*-i«r **i«rO'o lt-o r-i c j  r-4 cn »-* *~4 . cn 04  r-4 —< —<—4 —4 «_<cn—4—i 04  —« —» —«
rx coroa 3 r io .r o r o 'D r v i^ c o r >'b i b i r v - 4 co'O c>.cococor^*D O 'C O oco<>-<,o o c > - ~ <ro c o -4 U i 'o r - io 'O L ir x r o 'O r ' i ,N'b“)*0 —4D'Licom^'CNr4rofs,"0&,*cot>,*-^ **TxO'0'b'Jo-roro^ r roromrN-'OOor-4 0cND'fxrorN.rN*fx uor-4»-<-«r *^ o-ckos bi -o r-i ri r-i r-i »■*< *-* *■« *-4 cn r-i —« * —« —404—4 04 —i —4
*r |or-4-40—4C*4fOb“)04^0 0'0%'OL“>OTOr4^
tiii 1 1 1 t 1 t 1 11 1 1roror0forofof0ioro*ro*4ro-«r4,-*r*ro‘0*^-o,'*r^*«:1 O' O- bl in bl L~» bl m  bl Ll blin bl LO b"j nli')in‘0-0'0-0'0‘0*0*C
no xn |
ci -*-• 1
u. to |
4 cn ro ro 04 ro r  4 r-^cNr "j r i  ro ro ro ro r  4 r-4 *
■O ^ 1c  o  ,n  Li. 1
cn o- ro ro ro L iC x fo o  co '■Deo bi rxbicx co co ro-*o <r * r o  0-4 0-4 cn o . ro ro ^ m ^ o r i c o r o ^ c o c o o s o r s ^ r o  *f c n C O o ^ o  
o  to  ror-v 0 “ o  **^ 04 r-i LibOcobio- o- —4 coo- ro ch- ix r i  co o  Li u i cocn O' o  c n o  oir-i 0 “ nd ro ro b im  o"ov ro o- to  
—1 —* 04  ^  —4 o- r i  —< —4 -4  -h —4 —» ro r i  0-1 —4 —4 r-4 0 4 1 0
O o-O  in o-'Obi—«££»(>• CNp^ r-i o-O'Coroo-o'Li^ r-i'-,r x o —4'Oro*o*o b io 'O  04 * ^ 0 '0 '^ —«cDO'0“00c0Or'4bi'0C0'0 
-o Lnrorxo*o*-«roro4T'Oorocr'0-inCK—iCD4r<^'i> '0"0 04cocom^'o-co<-oorocK»-«r'4^''or-4roin-r o-oo^ cnO'4t 
4r-4**4—4 4rro*-»—4^h—4 —4 *-4 — 4 ro o iro— 4 r i  c ifo
rJ0 O' C -4 —4 O  O' CO fx ro 04 ,-4 o  -
— | | | | , J * I I
I I 1
r  i n  'O  r x  c o r o  o  O ' co f "  u i  o -  r o  c j ^ o -h  04 r o  m  --o c o r o  04 — o o -  co r^. * o in
4^-4 | I I I I I I I I -4—*-4 ~4 l l , l |
I I  l i l t
f ' i  r - i  r’i f ’ i  • 'n c n o  j r  40 40 40 4 o i r j i i t i r  i r  i c n r o r o r o r o  r o  r o r o  f o r o
A\J\J
vi »
—« i
oi cn i
+ 04+-4 -4 -4 -4  -4
CJ I 
U_ I
ui i O' CN*obioo4rico coro—.rxmO'^ r'•orx —♦•ocx «7*rxmro NocjO'*-*ro oroco -o-o—4 0'0',<»co0'0"-,mbo*o'00'birx *-»
jq  i  r o r o —4 4 7 - r x r O 'O 'O o o - c N 'O c o 'O c N r s c N ^ T - i t o r o i r t 'O f x  —• r o —i m c D 'O o c N f x m ^ ' f o r - i c N m ^ ' ^ r o c o 'O c D 'O m r o r o O 'O I -4 -4 CN*-4 ro -4 -4fM—I *4M t4  —4 —4—4 -4-4
U_ I
i
_j i ^ rin rx  r-i •-.O o 'C x-o  bi 4T-ro o i ’- ,o *-*rM iO L i< , rs j-4ot>*co'<jm ,r n  r i —4 0 - 4CNrobi'oro—4 0 o'CDrx'<»Li'Tro r - i—iO
—• - 4 -4  | I | t | I | I -4  4- 1—, t 1 I 1 ( | 1 |  - 4 ^ - 4  | I | I | I | I  |
( I 1 I I I  t | I
^  i -4 •-*-4 oj r i  o i no-i rjrirjo-JriCNrjC'-irvj c-i cm n  ro ro ro ro ro ro to ro ro ro ro ro ro ro ro ro ro “T  4rO “4r 4r 4r o “4r ^
x  * intt0tnt/0Lib0Lnintnb0iob0inb0LibiioL0inb0Lib0inb0tnbiinb0tnu0inini*iu0inb0inii0inU0inb0tnb0inbiinininb0
U. * to »“*—<CN —4<-« —4—1«CN**«CN*“ 4-4^-4_1—4—4-4 •-, rH CN, c-l ^ 4* CNfOfOOJ-4 «-»—4*“*-4*-<CJ*“*-,*-4—4 CN
VI I
• •H t
t n  I
o  1 O '—4 0 —4- 4ooC >fN .rxL *5C O c o b T * ^ b io > * C K ^ * 'O fx 4^ c s C O o r ic N » ~ ‘ 4T»*4c o 4- » i n * ^ —4r x 4r , r ^ * o * ^ * c » r o t > * r o b “i c D f ^ O '* ^
t-i 1 r o —. r o o ' O r o o  r o t x  c iO 'O 'O -  o - r o ^ r  l i c n O o -  •‘’O o - r x c i  L i  - o r o o a r - J ^  *O ro  o j  r o r o  u i 'O r o  o ^ o ® *  o ^ c n  O m c o ^ * u i
to * o - ic i  -4  c j o *  4- t c i  —4 c i  —4 r o 0 1 —• _  —«—* c ;o - j  r o —. c j
o  »
«/i * cn  r o  o b ' i  c>  o  1 o r o  < j  c o 43-o«j r x  cn  r«5 r o  u i  ro  o *  o  ^  * o o - i  nd c j  ^  r o  c o  « r  —4 o o - i  c k  4-< o  o - j o  b*  ^r o  r^- r o  01 r x  c  j
jq  1 r o  o  o  n? t o  4*4 r o  r x  c-i O ' o  o - 4T -ro  4 - »o c>i o  r o  o» £>. aa c-i n 3 o-i co  on  m 'O c N C N r o fO u i 'O c s  0 ^ 4  03 o r x r o O L O  00 4rU O  
o  1 o-j c j  - 4  n o *  - 4  - h  c i  4-4 c i  r o c i ^  - . —t ^ ^ c i o - i  r o —, c i
u .  1
~j 1 O ' °o  r ' '  •<» L i  *o  r o  01 c?  01 r o  >o c-i - 4  o  c x  00 r - " 0  b i  r o  eg - 4  o  *-• O i  r o  -*j- i n  <1 r x  co  r o  c -i o  c k  co  r x  o  u“5 ■n* r o  o i  —. o  c  j
1 I | I | I | I  | ^ » 4  1 | 1 J I | I | I « ^ - 4-4 | 1 | I | I | I |
i l l  1 1 1
1 -4 4 -1 —. - 4 —,,- 4 ^ 4 —4 ^ 4 —I —. - 4^ , —t o O o O o O o O o <^ >O O o O o O o O >o O o ^ 4-4—4 —4- 4— 4—, - 4^ —4— « ^ h -4
I I I I I I I I I I I I I I _
x  1 l i  lO in b O L ib i L i b O i i b i i n b O L i u i L i b i t n b iL n b i L i b i b ib O b - j i n i n b O i n b V i n in i n i O i n b T i n i i O i n b O i n b i i n i i O i n b O i n b O i n b ' i
4 0 1 —1 r o - 4 r j c i r o c 4 r o - . r o  —44-4—4 cn —4—4 —4 »-4 —4 o j  c i  o-i c i  ^  o-i o-i —4 o-i —4 o-4 —4 —4 —4 —4 —»«—«—«—4 r o  0-1 f o  o-i r o  r o  r o  04
o  1 r o r o c o r x c o ^ T c o O c i o - —4 r ^ c o b o o o 'c o  o - < > . r 0 'o c > " o r >' 0 ' 0 r o r o < » ^ , ' 0 0 ' c o  o - * - iC N in  0 0 —<—4 c-i O j o  4 0 —4 O 0 4 - *  i n  on
r-t 1 - o —4—, o - o  L i —4-40 - 4 i n c 4b ic - i r o c D 'O r x O “ o  c o r x C O o 'O  O 's0 'o r o  < } 4jT x C \ i c 40-4c o * o r x O 'C N 4-4—4i n m C ' i r o O t n b _j -4  0-'
ro 1 t o —* -4 n  - h  r o  —» —< - h —, c i * - * - * ' - '
Ci I 
U - I
i/ i  1 • o r o r o L O f x 'O —4 r x  -4  r o - 4C0 o d io  co  L i i , i4 - » r o  0-1 O '00 f x f - i  00 O 'm  00 c i o * 4r - N  c o r x  O 'o >  o - o o  « r  f x c - i f x  c ^  0-1 co lv o o o o  co  l *5
JQ 1 l i  - ^ - h L I O 'O 'c j o -  c i L i c i O - c - i r o r x 'O r x r o —. c o r x O D o b i O ' L i v © r o ^ j i n r x r o c i ^ r x r o r x O '—. o —1 u*54r O i c iC K ^ r L i  —40 -
o  1 r o —4 - 4  - 4  c i  —t r o  -4  - 4 - 4  - 4 —, r -i ^  - 4  - 4
u- *
_J I O  •“ •C Jr0  4C L1 < | f x  co *™1 0 0 s 0 0 1'- L ^ O - fO  o-i 0 ^ 0 4  rO ^ j-L O 'O fx  CO Ci' ..
- < - 4  I I I | I I I
I I I I I I I
•jh  1 < r  4r  n "  «r* o  < r  ^ r* o *  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  r o  ro  r o  r o  r o  r o  r o  r o  c i  o^  c i  cn  c-i o-i c i  o-i c i  O-j c  j  o-i c i  o-i c i  o  i  c i  o-i c i  - 4  —4
1 1 1 1 f 1 1 1 1 1 1 1 1 ' 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 I 1 1 1 1 t 1 1 t 1 t 1 1 1 1 1
X  I Ll LO in  LO Ll LO in LO LO LO Ll Ll LO LO Ll LO L“5 LO Ll Ll m  LO Ll Ll Ll Ll LO LO in  LO L"> LO in Ll l *5 b*5 LO b*5 l *5 LO OI bO L“5 b*> Ll UO m  UO LO UO
ro xn I
O  • r4 I
Ll. 10 I
*C» fO I
c  O I
ro l u  I
4 r-Jro4-« r o r o . - . r o r o 'O r o o J c i O - i c j r o —. —« -4f o c i —• —4* r c iC N —«c*4,_»—104—■*-4r o r N r o - 4 r - i c j r o r o c N r o —'' f i —• - 4 —' r o  o j
ui 1 o  r o c > ' 'r 4r r x o . c o o 4,' r O J '- , c o r x c \ i L i - 4 0 4 r c r i c o c o o 'b O r x - 4C i r x o . c o r x r x v o u * J C 4r o r o r o c o ' * o o c o o O c o ,0 4 r - 4 o r x
jq 1 co  L O c - iu O fo ro < r r o  4 - o i r x 'O o c o c j o - i C ' i O —i r o c - i r x o C i r o r x r x r x  r o u o r o * o  f v r o  4c r o b o u o  co  ^ » *c n O  i n  u o c o  r x r x r x  r o r o
O l  - 4 —4 -4 —4CN—4 -4—4 —4 CN —* —4 — 4 —4 — 4C4-4
U . 1
.J  I - 4  o —<0-4100- L - » tO O 'O O tO T x 'O m O ' rOO-J —
|   . t I I • f I 1 I
I
i*r » rx r* ,fvf'.( -.rx* .;-. r •? •.«o ■ o onj-O'-o-c.i-o -o*o -0 '0 * o 'O 'O b im  to rn  L-omui in in to  l i l i i - i l * 1'lo o * 4 ro -T 4 ro * o -o --
i I I : I I I t > • I * I I I 1 I * » 5 I I I I I t I S 1 I I » 1 I 1 I I I 1 I 1 I | I 1 I | I
:n  1 11 m  m  1.0 m  t o  1 • • 1 *? 1 -«t o  •. »• j 10 i n  m  m  m  1 o  t o  m  lo  1-0 to  t  o  t o  lo  l o  m  to  t o  lo  1
cn t-i ri t-* cNfriro m cm rocN *rro*-»CN ro —**-»roro cm roro n* ror-**-«CN t-i <n cn T-*T-iCNro «r*ro
cn I
X i  | 
O  | 
U_ I
-J I 
X  J
xn i 
to  «
ro j 
O  I u- I
U1 , 
X I I 
O  *
) ' 0 «0 ' 0 <0 ' 0«0
cm r o f ^ r o c N r o C N T - * r o f M f N c jC M r ^ ^ r jM c - ^ r o r  * « - < c N f O c \ i r o r j ^ —iC N ro fo *r fO ro C N T -» rN c M T -# ,_ ,C N c M « -n \ifO ro fO tM C N c M
0> I
X . I 
o I
^  m o p ' - * '® i / T ^ r r o r m
ZC | ' 0 ->0 '0 v0 '0 *0 '0 «0 '< l« < i'0 ^ o ' / jx 0 '0 «0 '0 - o  s0 'O  ,0 «<i*0 < ; ,*OsO '0 * ^ ,kO '0 'O M 3 ' * j '0 '0 « o *0 .0 ' 0 > ^ '0 « o ,,0 »0 ' 0 »0 '*0 « o ’,0 *o
cm cncmc-jcn^  *r fOrofNcN o- n ^ r o f T c T r o c J r . i ’t n  «rrororofo*T**Nr>itOr*-; cNroCNro**'i"oiN,3 ro<‘ro ^ n ^ m N c i
-• cm m  -r ■
CO CDCOCDCOcoCOCKChOsCNO'0 ' C N O o O o O r o r O n H C N N N r ^ ^ » H ^ ^ » H w ^ o O c > O o O o O ' C > ' 0 'O s O ‘ & ' P '0 '
^ H w H h H h H h ^ H ^ h H h H h H h H h H h H H H h  I I I | I I I I 
I * I » I » I * I » I » I » I I I > f 1 I » I
b*l t l  b“)L"D O t o  f ;  t ; l  u") l o  bT LO L O n b ^ 'O  MD*0 *OmD "O 'C  *0  0  *0  O  o  MD "O MD O o  <» MJ-O 'X5 *0  m3 ■0 ^0  *C <1 «0 >o
r-* u .  1 c*4r o -3T o ^ r O ' - ' r < > r o r '4T - i^ ,T ^ f» .4l . f *4f o ro ^ r r r ? to r o c ' 'i r - jK > C N * - « « r c  . r j ^ r f o ^ C M r o r j C M r - j ^ r o ^ r o c N r j f ^ r o r o - T - r o r j
o  i r*». uTCDco'^CMOrsCOor^co,?*^“<’"ro'*<T-«iJ'3oco«oii'>ro^r->ic>s«oc^roO&' ^  cn cn i/j r o c f  o^u'iO O ^C K o^cD c^'O ro I O  «r CMf-r-. L'J»7“ hOfob"3T-H —^CSr -^03L*)U“l r o O O s  to o li^ ro  r-lO' ^  f"' b*> -o CN>0 CN*0 ^ * r  'O foN O ' CNf*.<li')m«r *c
ro | t-i —4 CNC\| *-< —« t-i«-h
C  O  j
«T> U . |
in  1 t v  T - iro c ' i^ '* o C K C N r'> » » c o fO o '^ ’ C K O ii" jc o o 'C ‘’4o -ro r« - ;C N rN .o o f> *« rr '4 0 ii‘50o*oc*-4i jo O T - « i r > & ^ f ) i> % o « * ^ ^ o r N . ^ r ^ r o ^ r
X j  1 o  < r C N ( ^ r o M < r « r m r o sO T - < ^ a 3 r 's r v L O T r ^ - f * r * r i > C D C N o b ‘5ro tO c K C N f 'v ''0 '‘O C N 'O C h *in ,T r o < i r > j f s,*'CKC-4c> iL n« T *
O | t—1 T-» CN CM —< HH
• r -4K i tM * - » o c * c o * o l * . N “ r o C M ^ * ^ r  j r o « * r r o o c » ' c o r ^ ' 0 * T f o r 4 » - C ' ^ n r o n ^ o c o f N  c u * ) t ^ c • j ^ o »-<n c j o c t >
T-Hr-4—«—  I I ! < I 1 I i —«—< ( f l f l l t *  —1 1 1 - » * * 1 — i ?
< 1 1 1  1 1  1 1 1  1 «
■ * r L i m i r t i r » i ~ i i o i - ' b r > b “jt* > L -)L ‘)L 0 L_»i-5' 0 *0 '0 MD'* •. 'O - o - O 'O 'O 'O 'O 'C f  • r ^ r - w  r ^ c o c o ^ c .
1 •-. 1 -t irt isir? i.”i  in i.o lt- 1 -t m  i - 11- i O i . - r / . P i  -=
cm^t ro ro^-r-i ro^ro cn ro ro ro roro ro CNro ro rorocsirMrocN roro cn roro rsif'jrj^rMCNrocN^’oi cm t-icnr-j ro
ro i  
O  I 
u_ I
_ j  i  - o o * r o —«C4 r o c - 4’ “ ♦ o - n ^ - r o  » x o } N r o * r i n  u o o - r o ’ - r o  •’ ■ • o r 's -o b o  * x O  t - i -O c d 'O  h im *  ro c - iT X » -tcN  u o - o  c o m  o * f v jC N ,x o
i ' i i i i  i  i l l  i i  i  i  i  i  i  i  i  t i  i  i  i  i  i
' | x h ‘ f s f >s N  
I I I I I
'f 's . f 's rs . r v . f 's . r v
l l .  i  t x  r o  c r  cm r o  , x  C4 r o  C 4 r o r o  cm cm r  r r o  r o  c -j »x  r o  cm r o  cm 04 cm r o  t o  c r  cn  r o  r o  r o  r o  r o  cm r o  r o  r o  r o  r o  r o  ro  c r  r o  r o  r o  r o  o -  
m  1 
•w  1 
t o  1
u  I O ^ r s o ^ t * )  O  CO ^ r o  CO (>.*-< c-4 f N*O *f*'4C"'4',,0  T H 'O o ti’, ls ‘ O m ,H (>‘ ,H 0 'C 4cOOvM ^ f O M C M r s ( M ^ r O (>'C O O 'M ‘)® 'C '4M
« 1 o  ^ c n ^ "  * 0  n j c m CO ^ - j o o o - ^ r o ^ f > . r o c o r o r o  ^ c o  f'-* ^ ■ c - J c o 'O ^ u o in ^ ’ CMOO . . o r o in ^ c o io ^ - C M ^ o ^ *
nj 1 cm *-•
- j  1 co sOi<‘5M c M ^ o ,’*CMrorocNocor>s'Oi,‘>rsi»-,C'4^ o c o fSs,*obo*rrOfM—4<^T-*o°,sis^ <,UTN'c«.4 0 T-«»-*o'<:’ ii‘3N-roOch-cci
I I I I I I '  T-t I I I I I I H H H  I I I I I I I I  —«—• I I I I I f *-«T-< I I I I I t
I I I l i t  I I I I  IV  I ^ • r « r ‘T * r ‘t « r ^ '* r  O'b~)bO Llb“) LOb*5 L~1 b"> Ll "X) MD ND>0 -O >n-0<^*Q>A,0 ^ r\fv fS fv fS fv N fv N fv a ifi,itOrpOOrr)(>TKl>-
T  1 * 0  'O 'O  "O NO ^3  '0 « 0 '0  »o '0 * 0 ,0 ‘ 0 ' 0 ' 0 ' 0  *0  * 0 * 0  *0  -O ,0 » 0 S0 ' < I ' 0 ^ * ,0 » 0 ,,,0 « 0 ,< I vO -O -O 'O  'O 'O 'O 'O  >0 'O 'O 'O 'O 'O
< r  1 <n  r o  r  4 ^  t-< r o  ^  c  4 ^  ^ -1 cm r o  o - r o  r o  t-« r-4 t-* t- i  r«4 ^  r o  r  4 r  J r-4 f o  r o  r  4
o  i  cm c o in - o l * j c - 4c n c o T - i O ' - r ^ r ^ T - i C K M a r * - T - » « - * i i * > - 0 0 ^ rN‘ M jc^“O^M“ ^ r*> O fN .o ‘ T -< co o T ro r> v '- , o b '3c M C ^ rs .c o c m io ^ * t-<
*—1 1 f o ,o < r * ^ & ' ^ ’ c N O '* o iO c o ^ , i n O ' 0 ' f v* t i r s‘ r o * o i n c r , 'C t <5C D O '( h H c o ,^ i i ,) ^ , i< T tn M it ,) r o 'O r 4 N H '0 » - ( M f M N f v ^ , ^ c o
ro 1 —• CM ^  tX  _ C N  C N tX C 4^  tX « -« tX  tX
o  1
li_ I
in I CN O'--<jb*i %0 00 Ob"> co bOr>.bOc-«4^?*C4 0 ^ 0 ^ 0  c-4»-• O* * ~ * 0  ^U *5 C 4 f O ^ O i r 0 ^ r O » o ,H 0 ' 0 ,,C M ^ C ,4 ' O f s f f l £ h ^ N O r v , M r o r ;
jq  1 ro  md-q-—• 0 ' r o o O 'L " ) b - J c o o - iJ- ) O o r ^ ^ c o - r r ^  -«r 0 'v 0 ro o o O 'O N 'C c o ’“ 'b -> M 'tn r o c N 'O ro 'O r4 'O T x U ‘) o t o —< o o r ^ o -« r  rv
o  1 *“ * ^ t h C 'It x  *H t—» T-tCM C-4 tx  h H  c m **4 x
1 o  h ^ h h h h h h ^ x  tx •-* tx r-4 c-4 r^ir 4 r4c4r-4c-4CJc'4r4r4r*4r-4r'iro^OrororororororororofOrororoo-Tr *r
*T~ t *0*0'0S0- '^0-.0V0'0V0*0*0<J'0»0’0'0'0’*0'<‘'*0'0*C''0'0'0'0'0«0'0'0,0*0*,0'0'0*<»'OMD'<I'*C'‘0«0'0«0-<|»OND*C'0
*  W I
O .X I
l i -  Crt 1
ro  t o -h  ro  ro  cn r  j *-• t x  cm c  4 C4 <m r-4 ro  ro  ro  cn c  4 C4 t x  r  i c  .1 »x  r o r o  cm c-4 ro  n - r o  r o  cn cn ro  c j  t x —« tx  c-4 »x *-• *x  c-4 cn ro  cm ro
■J, I O' COtxCO ,>• ToCOL")CO<r^r C4bO C - .^  xO- tx -^OCO ^  CO 4CJ ^  fo  ro  O'-C-4 * 0  ^  40  *“* UO b”J L0*“* *0 ^ 0  *0 ^  b“4
x  i t x  o - i o  r  i - ^ r o o *  co ^ u “) c-4 *0  co «ybo c -4 to  » o rx  co f's cm i/z> o  ro  ro  fo  -o  "O ro  10  m  co « r  co co to  *4- in  ro  f '-  o ' in  lo  c-i -o  O '
o ' —' rOc4 X X x  *x C4 tx xh c-4
ZJ I
U . 1 .
•/* 1 O' 'OcoC' c-4 0-CK~«'OOroo-ro—•r^ CNoco^ ro-c k o o - c -' o* -ocoCNr>,^ -c,oo«-f>'ON“c-.cNcotoro,i»‘CN,so c-4CM»©ro,xbo
j£t 1 t x  o *  co  r o  r o  ro  b*> 00 c -4 C 4 i t j  c>- <■ t o  c r  uo >0 r v  Cv fs. c j  u") o  r o  r o  r o  -o  'O  «q- C4 c -4 n  - o  co  co  Cv r o  r o  n  « r  c-- u*i n  u") r o  ^ 0
O  I —• rOC4 t-« h x  x  tXxxcm tX-^ CN
u .  1
t^ rv  'O  t- jo "  k - c j x  o — t ' i f o « r c 4 - 'O C N C o r * - .  -o uo  « r  ro  c r *-»o  - *  in  ro  ;n  'O  co C4 x  o  00  c*- •<« t o o -  roc-4 tz> *-* c-* r««o- l j
10
#F
ob
s 
an
d 
lO
tF
ca
le
 
F'
as
e 
13
 
Fo
bs
 
Fc
al
c 
Si
sF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
sF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
sF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
sF i rN  « -« r4 cm r o r o  r o  r o  cm rM«-< cm r o  cm r j  c i  cmcm cm to o -c m  o - r o r o  cm r o r o  c M ro ro -« r  r o r o  r o r o r o r o c M r o r M r o  * * - r o r o r o  r o o -
i  ' O o ^ 'O 'O ^ r c ^ o o c o o & ^ r O 'O C N N  «-<r'4i >- rN .fo c N C O o c o c K C D ii" ) f<>i.*>u*5c D r ^ 'o a 3r j r ^ ^ o —*fv .ch > 0 'r ,v « r o * * c o o » c o fo
i i r i * o ' 0 - o r o r o « r i n o ‘ » - t '0 r o  c i - ^ o io r O 'O o -  r o m  o s c M ro r s^ c 4r o O '* o  l O T r ^ i n L o - r  »-« in  —^ t n 'O c i  tn r M ’- H r j  - -*0 -
i  r s c o O ' r s < ,<r O " 0 0 ( > . M ' 0  ^ ' r \ c s 3< r ^ i f ) ' O i r t M , r M O ) 0 'C O o j ‘0 ^ r o c o ^ ( N N o ® « r o » - ) O c o c h o o * M , r » H N n
I L‘) in * o ^ o M f - » i f ,o ^ ' i n * - « 'O r o C ' im 'O r o 'O o - f O i i ‘,>0 'C N fo rs .c M f'4,,* * r ^ u ^ ^ r t ^ i i “) < , «T * H i r j t n ^ - t r > « o r M i j- j ,‘O t o * r r o c J r o * - * ^ -
< r o M n  
i i
W n W r o M r o * * , < ^ ^ , ^ ‘ ^ ^ « r ^ ' v ^ i n i ^ i i i ^ i n ^ i n t ^ ' b ' 0 * o ‘ 0 * 0 ' 0 ‘0 ' 0 'o r ^ r - r v f s N N N c o C D c D a ) ( N M n ^ » H  
rv .rv .rs . fN .f 'v f-^  r 'v rs>rsf«s.rN .f> l, r ,>.rN.r
i c J r o i O r j ^ T ^ c j ^ ^ r o ^ C s i C N ^ r C N r o c j  —t N c j M » H t * ^ « « r t * ' i r o M o 4M r H ’- ‘ n r i n N r H ^ M M M M r o M w M M M c '4
I c h i n N c o w ^ 3» ^ r o ^ {> » 'O c N O '» H ,,O o ' ’ H ‘ O M < “ * - » ^ ^ r t f s ^ ' O ^ N f « ) i n o , *<0 ' H M W f ' i O « o ^ * o 'H r s < t ^ jC £ i* ( jM * o
i  o> r o  « r  r>. t o  *©  • o  cm co » o  i n  r o u o ^ - o m  t o  1,0 cm r-s.* - < ro ,,o * ~ # ^ ' f ,'* . r o m i* ‘>«y*'0 * r  * o * o t O r o o - ^ - ^ ,^ - ^ * o * “ * i,- )0 - . o
| «-H <r~* *_« «—« «—4 ^ , - H  ^ C 4
i c o n C D c h '0 S3C J o ® o C D - H  * O c o * O i /T ^ o o fJ < f  ‘O o » r 'Jo ® M f <J '0  0 '* r o r v» '0 <^ m ^ " 0  THc o ,5' « r ^ r >' i ^ O '» H N ' O o * H r - j
i o s M M N M ' 0 * O o ^ f o n r s  'O r o 'O r o  w * r o  * O in to « r C J r v  *o
i  o  o» r<. »o l*) ho o i  ^  o r i  ^  o  oo ^  h0 *-<0 ' r - , r - j f ',iu * ) r#)r ijc > '0 0 ^ * 0  k-) ^ ■ r o f x4vHc j ^ ‘ D r *^i-« co
I I l I f I | i I | 1 | I I I —  l i  I , I | I | I I | I | > |
I I I I I I I I
i  O o O o O o o o o o O o O o w » H ^ ^ H * ^ ^ « ^ * - « » * < » H » H * H * H r ^ M M r iM C ,i M f ,4n r 4n r 4M C M M M r o i M r o ^ r ) f yJ w
i r o r o r o , - t —< • r o C M r o C M r o t O r o O J c M t o c j —«C4'- * * - H to c 4<* -« io C J ro *5" r o tO c * i ' '“ 'C M C J ro *-< *- t,*~«r4C M eM to«r t o r o
i O T s . r o r o NC, o ' O o ‘ 'O o ‘  rocM  t o  r o  cm *-« 'O 'o O 'O  o _c-4C0 p%.0'-c n '“0 '0  0 ' o _*,o , - ( 0 - '* o c o in C J i jo * -H C M O c o o ,'C jc > -c o c -4^ -  * r  o
i to -« r  i n  m  t o  rv . co  o - c o  r o  co  r o  i n  m  c m '■o 'O  t o  * o  o  m  r o io * ^ o ^ * f > « . r o  t o  m  ^ ‘ c o m r v .  cm o *  cm t o  o^r*-. c o o  t o  o - c - i r v
i  *h *-«  cm cm - t  - h  C4~*
i  r o  t o  o** o  * o  - o  cm «o c  j  lo  m  cm m  ^ o i n n N i n N o ^ c 4 ^ * f N f ' * i n 0 ^ r s r 4 ® ' ^ ‘
i  “T * * - ^ -i / i i ' <J 'O C D «yC O rocor-o*-H «rii'")*< :r  c-4 cm c-* «o r o  o  O u -) » -» « rW *o » H ^ - * O f i ^ ‘ 'C <f , c D ^ ‘ r ^ C 4 ^ » H r t O r v C O o c i « r c ,,4 rv
| Ci CJ *-.*-<  -H  CM^ ^ 4  _
I O  O ' CO fv. 'O  ||“) r o  C4 *_4 o  -r-( C-4 p«<j *?-1.-;  ^  Cm CO o  Li"4 < r C4 * ^ 0  ^ 0 4  r - |  CO r-s. *ObT O V O - ^ O  ■'“ ‘ CM O -m  'O r o
^  I I I I I I I I I 1 t I I I I I — I I I I I I I I *-<
I I I I  I t  I
i r o r o t O r o t o r o t O f o  to  r o t o r o t o  r o r o r o t o  cm c  4 cm cm cm cmcm cm cm cm cm cm cmcm cm cm ,-* * - ! , - (
i i  i i i i i i i i i i  i i i i i i i i i i i i  i i i i i  i i i i  i i  i i i i i i  » i  i  » i i i i
i r -^r ' - . cs,px f v f > . . r - v f - s . r ^ f v s f v f ? v r - .  r - v C v p %r ^ . r ^ i ' ^ r ' s i n. r ' sf *  r v f ' ^ r ^ i v' f >»»c,s r'x f'*-r>»,rv»rv. r>Kf• .
i . - H ro C M r o to ro ro c M to c M C M ^ ro ro o -c jC M T - iC M ro c M ro c M - r  ^  cm t o  *-< c*Mfo *-«c4CMc4 cm * r  r o  cm cm ,- *  « r  cm cm-^-**-* cm t o  r j C M c 4
_] < —< cm ro«r l*> r .  o- co f '  •o-Tr*'jF‘i i - t O r  i »*-. «r *.■) <:& co r ■' *o i 'j t  .*o ,-• 4 —* o —*C4ro*oco*-iocar^'Oinroci—*o i-j-"T*or* ~i
ro rMrorororMCMro^r cncmcncsi roro o-roro cm roro cm ro^fsiro^r roro toro roro roro cm o-roro roo*ro roro r itoro cm
o  * ^
u_ I
_ j  i  «-a c ^ r 'x * o m « r  ,-*o cM O o « .m o *C M *-H « -» c ,'M*-»£>sGOm'^’ io C M < ^ o c > *c o r« * ,o c o r xN O ) m r M * - « , - ir o r o C M * - * o o - c M , - io * m m r o c M  
*H I | I I * I | t  | I  | | I | | J I | —I | | | I | I |  I | I | l |  I I I I I I
I I I I I  I
^  i  r o  r O f o M r ^ M r o M o ^ o ^ ’ o ‘ C o ,c i i * ) t n t o i ' '5i n b ' ) i n i n i 4,) ,O M ) * o « o 'O r s N f s N » s * - « ^ w o O o o o s O ' ( h O 'O s ® c D C O
I — • | I | I | I | I
i  i  i  i  i  i  i  i
T  I 00 00c0C0coC000C0C0C0Q000C0C000C0c0CD00CDc0C0C0C0C0C0C0C0C0C0C0C0CDC00sO't>N^cr'^<S0KO*0**O^O*l>-CN<r'O*
L l. i  r -4 C M fO '*^^-«,*w r-4C M ro to o 'to ro io c M C M ro C M c *4,^ l c-4C M r o tO fo to ^ c N r M ,rHc-4C M roCM roC M f'4C M rM tO ro ,- ^ r M r o o * t o r 4C M rM ro
_ j  i o  c o r ^ 'O o - r o r j ^ o C M r o o - r M ^ c o C v 'O t o ^ r C M ^ H O —« C M r o c M ^ O r ^ 'O t , - ) « r r o C M ^ o ^ H C - 4^ 0 c r> r^ s 3L T c '4^ o ^ r o C M  
I I I I I I I I *—* I I | I I I I —**-$—• I I | I I I | I I I I | I  - 1
I I I I I  I I I
I r H - H ^ r 4 ^ ( r H rH v H ^ , H r 4r H O O o O O O O C ' O O o O O ^ ’H , H ' H ^ ^ ^ T H H TH^ r 4 THr . j r 4 f - . jN n C 'IC -- jC M r.jC 'J f-4fO
I I I I I I I I I I I I
~T~ I CO CQco C D n iC O ro C O r!!*COOTCDmCO(oO OcoCOo ? COcOCOrnCOc ^ CO< o C D rr>OOnoCOof>COcoCDcOCOfr i0 0 0'>c o ry>c c,COcOCi?0O f i,‘ cQ
« ro  cm cm , - i  C 4 r o t o  o *  CM roC M cjC M c-ito —«cm « r  cm cm ^  r o  cm cm cm r 4 cm cm cm r o  cm r o * t c 4 r o  * r  c m ^ c m io  cm ^ » o  cm cm cm cm « t  r o
— i CK CO fN  t o  O* r o  C-4 O  C-4 t o  CM o  
- t  I I I I I I I - i —»
I I I I I^  1 to  n  lo lo  lo  to  to to lo  o* o ' o* o* o" *r o* *r o* «r o- - r  O’ r o  t o  r o  r o  r o  t o  r o  t o  r o  t o  r o  r o  r o  t o  cm cm cm cm cm cm c-4 cm cm cm cm cm w  »-•
1 1 1 1 1 i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 * 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 « 1 1 1 1 1
oc I CO CO CO 00 co CO CD t o  CO CO 00 CO CO oo 00 CO CD CO COCO CD CO co 00 00 co co 00 CO 00 co 00 CO CO CO CO CO CO 00 co  CO CO 00 CO co CO CD co CO co
eo xn 1
U  I
Ll.  CO I
r o * r « r o  r o t o  ro  cm ro  i/0 c-40* c 4 cm ro ro  ro  o - c i  cm C4CM - ^ f o c i t o  1.0 cm ro to c -4C M ro tO ro  c m c 4 r o c  jC M ro to ^ C M ro  o -C 4 4‘M cm
o  1 r s  r o  r>- «-< (~n t o  q  o  f-y ^ c s m o - o i n o o  r o  t>- ^ * r o c M O  cm lo  cm m r o  *-• 0 0  rs. o « ^  r o  cm t o  r«. *-< t o  * -4 -0  0 - 0  »-{*-« « r  o * r o  c ;
r - i  1 10 t o  r o o -  t o  cm cm cm t o  t o  c -4 t o  —« -*-• r o r o  cm t o  cc **0 *0  o -  r o  cm r o  i n  cm co r o  o  r o  o '  cmcm rs. rs. 1/0 r o  r o  cm t o  «© rs. cm
<0 1 —4 H H  tH  r i
O  I
U_ I
in  1 
Xi 1 
O  I
.a 1 f i O n ,o r 4 ^ r . ' « r  t o  < t - o < r r o N c j T  m e  - « r  —• o * - *  C 4« r t o c o r - . - o  t o  k 't -m —* cm t o  c o ts .-o i.-o  cm « -< o  , - » f j  *r l o o -  co o
10 co iororocococ
u :1 co t o  r.o co co co r o  r o  co co
iu
et
 
of
 
lO
IF
ob
s 
an
d 
lO
fc
Fc
al
e
i n  u .  i  tn « r fM r o r o c - 4^ - r o r ,o r o r * iC '4* r r * > r o r N » - < ro ^ 'ro C ''4r '4r M r o r w * r r o r o r o r i r o r o « r r o r o r o * r c w r o r o t N r o m r 4r o N ^ r '4r o f o
^  i
I  I  O o O o O o O o O o O o O o O o O o O O ^ O O o O o O o O o O o O o O o O o O o O o O o O o ^ o O o
xn ,
■*  ^ I
cn ,
? «,° 1 l j -  I
c -i r o c ^ n - * * r - r c ^ r o t o - T ' C ' i - * - “a - C M ^ r ^ ^ c N ^ r o T r i ^ r c i M t o M ^ r f O r o f ^ f ' j r - i r - j
< n * o » H o
cm r - j f ^ r o M r o f ^ r o ^ -
Cn  ( s O 'C S & ‘ C h O 'a > t> ’ C»‘ ^ 0 ' ( > ( h C b o » 0 ' ^ 0 ' l > ‘ O o O o O o O o O o O o O o O o O o O o O o O o O o O o O o
oi r-J C'irororo^ro r- jf j f^ n  m^o r j  cm cm cm cm cm CMroc r^o ~4 cm cj cmim ro rj coo,i cm cm **? CMCMm *
ro , 
O  i  
i
—* i < o j ’ - * o c o r ^ > o i i " > M c  j ^ o * H - H O o 'r ^ « < 5 i i " 3 - r r o r s j ^ o ,^ » H O f ' x 'O L n ^ r '0 ^ o * * ^ o » c o t " 5
I |  I I I I I 1 I i i i i i i » ( I |  I |  I i t |  I |  i i I | I |
i i  i i i i i i
i  t o  r o  r o  cm cm c>i cm i n  cm cm cm c m *-* *->«"* ,-»*-* ,r-» «-«*-«—• *_« • - • o <^ ' o o o o o o o O o <^ '* - « ,“ ' '* - '^ * * -« * -H«--«*-*'r-i *-*cm cm cm
i i i i i I i i t i t \ i i i i i  i i  i i  i i : i
IE  j CK CN CNO'CNO'. CNc k O'Cn CNc v Cn c n Cn Cn O'-c n O'CN  O'*O'Cr-CN cr»o-.. Ck O  CK O ' Cr>O' cr*0> lh*CK Cr* c>-CK (;►* C»«-c k O-'O* O 'C>'*>£>- Cr-Cr*
o  c M r o i n o i m r o c  M'-«*.
I t ’ l l '
o:» r o t o o o f  • r - »• • •  O 'O 'O 'O 'O - O  0 ' 0 / M , ‘n ‘j i . -< ,M * . iL - iL " i . - t '«
Pa
ae
 
16
Fo
bs
 
Fc
al
c 
Si
aF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
aF
 
H 
K 
L 
Fo
bs
 
Fc
al
c 
Si
aF
« r o r ^ K i  t o r e r o * ?  * r  * r r o r o f > r J c  < r o r j r < i r i r ; f o r 4 f ‘O M f O * r  cn# r o  r o  r o  no t  ' T * r N M M r u O N T ^ * r  m <
*o  oo I
C  o  I
no u -  «
BIS(TETRA-N-BUTYLAMMONIUM) TETRA(THIOCYANATO)- 
CHROMATE(II) (BLUE)
Va
lu
es
 
of 
1O
+F
ob
s 
an
d 
lO
IF
ca
lc
»*> cc 0 ^ 0 " 0 r o c s  'O o o f '* 'o -  o o  **** o O ' O  o C 4 * - i n r ' i c c c k * o o - c o o r > < w - o c j * r r ? n ^ o o -  - o « t  « - * w n k i ^ T '<  
»> r^ fOr<; r v o «  'Ol* o m  0 * 0  0 0 *0  C 0u -> r0 'O  ir> ro O 'f*> ro K »  T N C o o O 'O u ' i W orr. ro  t  o *c o  in r^  c-4 —• *-1 ^ ^ ' O r v ' O o c  
y-* j  —• r i  —* r - i *-» — « H ^ f - i r ' i ^ i i i i n i n f t * * h •<> - o m t "  v n  ^
*-f CM
•—« 00 — ‘Ofv -ou-irgfv CNfvON o *00^ - ' Oto^fvO' Hfo won') ^ 0rvi n c - jp-jo.Ofsinn o  c-i t-Jro -«rv o k  ooooOf'v 'Orioncomir-o-co *-«*•? c-4mo.f" —.r-«>. w o ^ r ^ n K T O O ' C O o
in . - « n  rwr t  *-*a fN *00 '-*r>' -ommlorr> <*-**-* .-•ror-4*rfo»“‘^-«rin
«—4
r*v co —*ro vu’j-oo «-*fM ^ o * k » - i ^ o <• xrt00fv.o«or^000*0^“<nOfi^mcDo<M«*- -o00mro*-»<>.cot '^Cm^ ri-o 
— 1 —« '-*  *-*—« < i * i  1 1 1 1 1 1 1
O o O 0 O 0 O O  0 0  O o O o  O o  O o o O O O 0 0  *
o  j < » c K C O 'o r o o u -) r o O * - i i i * ) r o ' O o ^ i o * - * r o ^ ' r *  c o r n • r O r o f M ^ c o m f ' f ^ C M . - . f o ^ m o O - ^ r —• r i r O f ' i  
—4 t o  m O r \ j  * o  r *  c m o  0  <» O o  m m  < T Q O - « r  'C o - C 'O  m m  00 t n  ro.-v. r>  —, * r - * r  o  co  r -f o  m  m  *>■ “* r  o  cm m
f t  1 cm —i i n r o f ^ r N r j f ^ f o —< r o  ~H^,»4 4-«cMCMroCMcM — * N r - j  —* ««-«sor j rM ^■**«p-»*“ »ir)Cv* r o
i -  1 *-<
u .  1
^  1 cm co  cm rv. «-<co m m  r ^ o  'O fv . c o c o  ^ 0 0  m f^ r o r v C M c o C M r o o m  * r o ^ « i > ' n  * r  >0 m - o  00 o  'O k  ^ r o m c ^ o o o r v o -
- -  1 10 ‘O 'C c s  * c x x - « r m r * «  O r o  * - oc. rv ‘ c c  x  •.-* '•c m  -a* m  ^  ■ • r ' C . - ^ c v r o r - J o m  - o r ^ i n r ^ - c  ' * r o r ^ o o ^ n ^ o - c
o  1 -■• •.-♦,* ‘ cn r ^ - .  eg r ^ f o —, ™  ,-« « -i , * \ ,~ H .^ r -4r .o f  o  —  e - ju r o r s ,  r j r o C ' i  — v c —t i
* j-  i  —<
—; 1 —« r < o ~ * r - 4^ - m 'O f 'x'C o 0 - 0  f M ( M m ^ * m r ^  * - < n o ^ ( M i , T O r s O o  m m  c j  m  < “m f >‘ co  ■—‘ •—4 r-J o  ^ C 4^ “ m  • c ^ f ' ^ n i i " )
1 0 - I > . o o 0 o 0 o 0 o 0 o 0 ^ — c ^ - t ^ r * 4r j f < r jC ' 'J c > ic ^ r ^ r ' i r - 4K ) r o ,^ r o K > r o r o r o t o « T ^ r - r  ^ r ^ r - ^ - T < r u T l / ‘i t n
X  1 O  0 O 0 O 0 O 0 O 0  O o  O o  O o  O o  o *  O O 0 O 0 O 0 O 0 O 0 O 0  O o  O o  O o  O 0 O 0 O 0 O 0 O 0 O 0
o 1 r-. r-4 rvo ii^o in  o- —• Ki r^.coo csmmcop-. co -m* cs CD comrv.<moo^r in m <~-*r 4ron^O'r?fO'OK.csc>jo-r-jcoo
*-h i co -roo^rv-TCC'Omoc*jt*~.'Or^oorocsii^ oor^orN.csfsvcccorM»-,oinfN.css-;l"j —<o ^ o r o o > o c o c s o
ft 1 *-« inroro^^H^r-jn 'Oltcm^h '^ -'(■'•4 r-4 -thlt ro~n -^4»-«r«4ro \n  —1 ro-^ r>» r>f ro u”3 ^-h
-• 1 
u .  1
«/» 1 "O - « r r i c s u o c o 0 0 c*4^ - u io o f ' J i f i t * 3CN ii-) o c s - o r « s b T < T O 'C '0 'C u - ) r > . f v  r > - c s » - < ( > * o o - 0 '0 ^ < r O i * T ^ r i i i c D c o O C 4  
.c- 1 - r o o r r - ^ - ^ r  O ' O ^ i n r ^ r v r c i i ' J ^ ’ ^ r  rv 'c o  ^ - < o o o o o r s . 'C ^ * c o M i r : c s c s r v  X c s  t o  o  o u i  b o x r s ’ - ’ - t  « r r v . r * v « o ro ^
c  1 re 1 ,- j fo ro  —< i- t r f r - 4L*^s-» > c io  rOv-< CK*r-4 04rsi r J in T ' f  ^  r o ^  —• ■ *-n ^ro  —« ^ r i n  —»r o - n  r - f  tN<«r
u .  1
— > t < * u o --orxO—< ?o—^ r . ' r o •^■*0 r > * o o ^ - o -^ 0 -4 r o r ^ ^ r i n K C O O ' O ^ r ' . ' ^ - o ^ C s T r o < " m r ^ c o o o ^ * r  —‘ r o - ^ - y - j r ^ c o c s o  
;c 1 \f> Li" -f u“Dinu*)i-?*c««o 'O-o -c*o c»o *c-o 'Orx'^ rx r ^ r v ^ r v  ’^■rv a?co xco occoooco coco xcocso- O'cso^ o-o-cs
JZ 1 O OOOC'OOOC’OOO 00 c * o  00 00 00 00 0000 0000 00 00 00 00 * ^ o  00 o o o - o * c ? o
o 1 ro co'C-ooooro,>sO'Oij')'Ors.corv.csL^ccim'5rcsr^cs,>r^fv*uT^r-^*ocsf'-roromr^-uTojco---inuorvo-rgrJrwoo 
— 1 m  ou")«r ^ Cc4u*7o k>ocok *“ ' of^co cscsr^cofNir^'rr^ooro'Crv.^-r ror-j'.o -r o k  lto«--»-ti«‘5'0'CcM
t  j L-) r  j  rJ»r coro — »-«rv4 -^ r ^  rv o«o o  ii"i ^ ro  <r-4^ r rj^r cj ><i ro^ r«4 -<j o- r-i r j  "T b"i r-4 co c>4 »-< -o
-• 1 ~ ■—< •—• r*v* *-» <v
tx. | (
in 1 o  ^ c o m o o o k  ^ ■u*)%c iiiu "3 ^ o ^ u -)r-4rorocvr>jcs -^4lico^■NO'O »-rsfvooo' ^o ^co o -^ ro o K ^ro ^ r
.Zi 1 ■:■? ror',rv.'>r>'i*rco -^ ^ f N'^ r'C^ HC>f ^ -r^ocs0'0'r-4'^'oorvv^-:'<jr^*0 0 '^  xin-^- wror't^-ococo^-rs'OKrin
o 1 l*3 rorv-^r'ft’jcsforNiui-^ro »-*rN. «rtn—'^ro ^ ro ^r—<^3 r '* ^ rv * > o  ^or-fr^vr-jr%»rsiro>o
u_ 1 -ph—• *h «-4 *-< r j  p-* cm cj
—■ t rv t ><?coCv —* o") -ok  arcs ^ r-4 ^0  — ^rui•or'- ooo— ic-im t l»t<> a3*-C'*roinorv,n < ’ui'or^coo»-»co^<N
:c  i OOOO o —< —«—« cjc-4 r r4r'v,r4rv,r4C'fC-4-r,ror-,)ror’r>to 'rr^roro-o^r ^r^r^r^r-r^^^r^r-rb^U’i
X » O «7j OOOO OO OO O O OO o o OO OOOO OOOOOOOOOO OO O O OO OOOOOOOOOOOO
no t no -o vor^. m  ro cm ro 4~n-«ro 0*1 po-h 0 0 *0  tv c>ico in  ro m  c - 4 « - t O ‘-r*iroinro«rtn«-'^rop'>'»<4~4«-iC'f ~*«-«<n
u  1 —*
u_ 1
vn> 1 c -4o  00 cm c^o-c^porvcomC'-inc-irNi^’ comroo-4n*<woo-'0 —• *-<c.im co—«roomco coinrxr-Jco»-<^r c^co-oro '•oroao
j g  1 t  c - r o c o  •« r'> -rO “O i n o m t ' ‘' r ^ ,,c o c N  ^ c c p o c o —4—* p o o  o . * o c N - H n a 3 ^ ■ o m ' O i A O o O ' n O ' ^ O ' C O ' f s ' O T ' ^ N ©
- 1 tob'J'ors mrvmror-4ro cm ro *-« co in 00 «<* o-m cm *o c m * - iC K « r r> iin P o m * r^ « < r ro c ,)rM 
u. 1
_j 1 o  c-i ro ^  in -o  co <n cor-.'O m ro 04 c-4 f*><“ me*- o p ' i c j ^  C0 'O ^ ’P0 cN^o*-*tN r0  -oiv.o*oo>4^*rN.r-*o
I I I * —• —I I | I | I | I 1 1 1 |  1 | 1
* 1 i i i i^  I co CO CO 00  GO CO GO CO CO CO CO CDO«0“0 '0 'C S O '0 » ( M > > C K C h ^ O 'l ) '0 '^ O O O O o O o O O O O O o O O O O O H H H H
X  1
u .  1 ^  n o w  '0 'O c h ‘ 0 0 ’^ c o f ^ c o 'O o o '^ « M 'O o * - « - « ^ . v . < » u * i ^ ‘ i n f N‘ i n i > b * i m '0 'O o ^ '^ - * o * » o c o * o c o o , - , 0 ‘ O c o c o r *v O ^
xn I <CN-* *-« «H*H^«-4(MrM_tC'<—I—*
CO 1
o  1 c o c o * H to ^ H h O s o ^ in c o ir - O o ^ 'O r o c ^ < ^ - u ,,J « o o ococjo o c o i i ^ o r N i o r - 4r ^ o * ^ r  «vc-4c«4 0 i n ^ ’ i n ^ » - t c o
m  I o O ' f ^ N  < W O ® ‘ 0 * ^ C & I O ^ f O O '® C C T ^ , T M O O » N r <O i r , n o M f v O r < ) M « C ( > * N ^ C M ^ ‘ v f ^
no * ^  < *-<cN^«cMrN*,-< roc-i pompocw^(■'-.cmpo,^ —**-«—«tM-*cjc-j^ po rv-omtnr jroro—^ro—4 —• rH c-j c-4 c-j <j ro
o  «
Lu 1
ut 1 r v  o r \ M  f - v - o c M m - o c > i* o 'O ^ - '© p o P 0  ^ • r ^ m - o ^ ^ ’ O 'C ^ r ^ r ^ o -  ^ ^ r c o c o ^ ^ m c o ^ c o o > ‘ ^ * b O io * - ‘ r o ^ ‘ ^ - t ' o o ^ o o o  
» * o r ^ . r v 'X , o . 'C d ' K ,o « M ^ C M ^ - v 5f s . - * c r ^ r o t n M,? ^ 'K ,o ^ " r ^ f O i n » - ' ' 0 > 'C > ^ m o f Sfcr ^ f >^ o o so « .0 'C h .r ^ r^ c o r s kK , ^-cM cs ;v*r 
o  1 to  *-* »-*^-iCM^4r o r c ^ M C ,'J f o m r n c J r s : C v t o ^ ^ - % ^ ^ H ^ r o ^ c i^ N4^ < M r v .'O v n ,^ r i r ’4ro  to  »■* c a r -4 c-4 »o ro
u_ 1 -«
_ i  1 -r-4 m  -^r r o  *-tOo--r'-.in,**‘ po-^o-^fN^ m-op'scoop^ co-'r CMO<>co*oM*«^io^r^fo^*in'Or^ooo*-*rois>'MO-JoO'fvin
—« | I |  I | I | I | I | I | I
I ' l l  | I | I I | I |^  • in m  o  -o ‘C'0'G'0'0*0‘C'0'GN0'0'0'C>OsD'0'0<ii\r^  r^ r^ rv r^ rvf^  rxr^ rsf^  rN.rvp^ rv.rs.r^  rvrv rococo 00 00 coco 00
x  1
w  m m  r o  0 0 0 0 * 0 *
0  1 o  o  o o o  as  4-*o *cm o ^ ^ r c o s D ^ . - ^ s r ^ o t N r ^ m r o c o  p o m m  p o c o  . v . c o r N . io c o m o o -  r a o o  ^ • • o p o —«c o - o r * '
t— 1 1 4- « M D ' ^ “ (h 'C O O lO 'O O C O O O O ^ -C O K .C O *0 'C T O sr t in C O * - < r s r '» ^ 0 'M C O C ,0 *0 < r L ' : 'C S ) O N M | o C O N '0 - H * - <V ^ -
no 1 o t o « c c o i O '0 ^ ^ ^ - f 04H 4H W (^ ^ c M ^  C M C M o -fN c N rv .ro c K -o C M ^ h o rM ’- ' i r j ^ -* p q ~ *p o —•c o ii,) ‘0 ( > ' r < 0 ' ^ ^ ^ ^
u  * 1 c a —4
u .  1
ui 1 o» o - 4 f \  r ^ w * 04H O ^ * 0 ' t M i ‘) f V 4r c D i n c D i o » N O M ^  0 0 • c ' O o ^ a j O ' - o r ’i N i i T c o o o s r r o r o 'O c o i O w ^ - r o w o r ^
j q  1 in  o o o o - o o ~ « o o c N r - ' C T ^ ^ r O ' f o O N ' C o . i c i j T i ^ O ' f o u i r J o * T r % i x o r ^ c o cmo > ;rv .^ -to • > 0 0 0 0 ^ o rs .rv
o  * o m r v . o o m 'O o a ^ ’ ^ ro -J —i —«—h —<*-hc>Jvh—*cnc>Ii> .o -4—i r >> .r o C K « o r - j- ^ - « r —» c n ^
cm ^ o f ,J r t ,r n 'O N O O o .o o jN (M H o r> .in ,f  
1 1 — 1 % 1
1 1 1 1
ro romco ro^ro rcro^o ro fO m ^r^^^r^rM *^^-^^* m* ^ r^ T ^ tn m m m in m in m in  10 mm in mint**?
•*0 r^ooomM-otM''r cs0^cc,-«co-«rr^co'Oc>-r^inCMr<3r'KO**oincoocoom cnpoo^po—* 0- -o-o•oo-fs^^Ti^ cm Ncor\tKO,,^ ,^ ‘*ocN*'’H < o C ’j(hO ^(N^rcorvCsi^ Hin 00 00 'Oco^csco^-iCMinOinmooo «^*o*o^^r^wOi>oo^ m n n ^  t ^ - m o n h  -^ca —« po ra in c-jp--cm P1- c.i'Ocors- *oo cm—4o^ t-4Po~hc\! «-i—«cn cacN-^ rpo ^ ‘-o—4
t v  o - o . j o c M & '^ , H r o < - * f > j i o ^ 'C V i / ) O r s c o w i O f s i ^ * 4  0 c o ^ , N 0 4 r n i n ( M ^ N ‘ 0 ‘ M ^ t O M ^ c o N ^ t ^ r v f s r ^ o i n <  
r s  r 4^ K 1-o i*o  c o o k i e  r«40N u o rM a a ^ *  o o * -» 'O K ,o <^ » ^ *  r ^ C M in r s .n ^ c o r N .o ^ M  Os ^ ‘ C M ^ r o ^ 'O C o r ^ c M o ^ ' O ’^ " O'* 
noooH *^rohOO -^^  poc-i Mfvnnnrv.rjcowocorNv^*o^^^o<rfvM^-4 i^»Hf4)ry(MMcMincoN
< cm co in  rv 00  o* o  no tn -v to —< o  00  r< *0  m  «r 0  c-4 o  c-4 * 0  m  o  rv. oo cn o  c -j c o *t  c  4 *-• o  00  o  «r **t
| I | I I I | I v—4 w—i t |  I I I
I I I I  I t I t  I
«—1 —« — * h —• *-4 cm cm cm co cm cm cn c n  c  i  c%* a  cs a  a  c-4 cv  c-j c-.* c -4 c c  IN C  • CM C 4 rO PO PO PO PO PO PO *"0 PO PO
Va
lu
es
 
of
 
10
*F
ob
s 
an
d 
10
*F
ca
lc
o  i i i T i i T t N M i ‘i T ‘0 ‘ 0 ^ - H - o i n o . < r r * ' ^ r N w r M ^ 'O i n o ^ o ^ O 'O 'O 'N r v O O ' • o r v N p - / O bi* r * * r o * r o i o u i c o *— m n o
*-< i o m r v o c i r t * o c ^ N  •-* *-« r - .  c -4 o  t n  C'- m  u i - c  co  *-« u i  ^  • ^ • r < . r w - : f v4r o r >^ c o f^ ^ - o - » -< fO u "3 o ^ c ^ ■ c c o i n c o c c n n c h ^
co i  r m ' - * * - « r ' ' - n O '- m c M * - i ’« - n b “) r 4' - * ^ r ' O ' O - O h h - ^ h h t ^ m w o c o i i ' ) i n  c -4 * -« - * * -« '- •  r -4' - • c o 'O & 'O r 'sO I H N  rH
u. I
w» i r - j  r-v «c * o  c o n - o r o c M r o  i n n  o o o  o c - 4  *“ •«*• « - t ^ c o u ^ c > 4 0 0 c M '0 * - « f o o o o r o r v ^ '0 ^ * - * c o o o « . *■<)•-< o r * . o & ^ r i ^ r ^ o
.Zt i c-»o u i  oo n^o 0"O'Orv.oof'^o-r^inco-oC'Jco-c*-*^•in'Oio•o f v 'O o n t ^ o c m o o pJoooO H C O M ^coM -ort'O
o  i W f o ^ t H r v r o O ‘ * o ^ ^ i j * > r < j i n r ' j » - < ’r ‘ 0 'C * o  f ^ w ^ ^ M M ^ r o ^ c j M M N o o t i T ^ N t N r s i ^ ^ H r - j ^ o o N a  ^ 0 0
u .  I h H
—i i n  —«om rs**oiO'^m<M*-io^C"4fo^m-orv,o**-»C'4CO^C'4©corv'Or'4~*o~*r'j^‘ if>'OrvO*-<fN*»^ro*-icor>*«rro~o
| I  | I  | l | l  I I I I I I | I | I
l i t  I I I I  I I I I
ic 1 CMC4C>jrMC-4r>iC'ifMC>4CMCMcMC-4r*4 04r4<,M CM C-4c-4C-4C '4fO nf*'in i^nnnnnnnnnnnnn«r*r
x  1 c-4r4CMr-4CMr4C-4r4r>icsiCMcMC4r-4C>ir-4CMc^ r-4c*4r4r-4CMc-4C-4r4r-4c>»c4CNjr-ic\irjcMr4r'ir-4c>iCMr-4r-4r>4C4r-4r-4r>icMfMrgcM
u_ 1 o i s * h o  n o * -  *4' ^ "  0 ' ^ o ^ * M c o N o o < r c o o < f M  p o m c o * o ^ r r o O c o i iT « - i 'O u ') ^ r ^ r  n ^ n n b i n  ^ « o c o r v  o n  
xn 1 r j  nrjr-jCM^c-j,-! c-jcgc-jcjnrj c-4n c-4c-.i «-• *-,*-• *-* *-**-* ~+ct rj.^
<S) |
c  1 c*-4o f >v>o o ,,r c o i i ^ '« r  o o c o * - '4i i o ,* ^ f ,‘ i o i n c > i i o ^ ^ ' C '4^ ‘)c>‘ iN'^ r U '5N o c o * H m « o m ^ ^ - ^ - < ic o r -5r s .c c i< ^ ''O o t> * c o t / ,Jm o**c&  >—* 1 o  -o c-‘ -*-i c jo c k o  —•rjnc-,: n  n  co^- -*r «ro-in ' O o ® ^ o o h o ^ « c ^ ,w n / <i n o M o r v o o r j « o
co 1 *-1 ^  r-4 *-h cm «-««-• —• ^ rs iro O o  'Oin'^r-. ^ ■•H^nfMr-4'O^o- of'sni*"*
u 1 n  *■* *h<n
«■» 1 cNTNroO ch-oo r^-o -o **- *rr-4 c-jc-n '-•co co O'—*o  rjO O 'O 'L irow ^O ' O n  ui *r *rcc in n  co*o c^ cm cnc-.
.0  1 T r J * - < r ^ o O ^ N o 3 0 c K ^ ^  < & »  d«-o o- c-4 x o  <  ••^ C K ^ 'C rs ,T i n N o 'O r s < , * c o r v o , 'C  < c k c -4 j i o - n  *cco
O  | ~  *-i s_, —• n  '■"•CM --0 b l  *»" C4 • ^ r M C 'I r O 'O ^ O ^ O  00^ “ b“)-q* f"0 0 ' 0 '-< f -4 ' “ •—4
i -"T-i
—4 1 r-jO(\j'Oc4'OiH u*5o-—<o-f‘- j 'o O 'r—•*TOoo'0<rOrjOOot'*4'0 ^ rtM'-'o»cDf>v<ib‘) ^ c c j^ o  '-‘tm n  inr-. *-*n c%«*-
I I —* I I I I I I I I I - * * -  I I | •r-i—' —* ' “ < ^ —• | I | t | I | t -^*-4
t i f  1 1 1 1 1
1 o o O o o - H ' - ‘ * - i  —i r - j  r - J n ^ ^ b i ' i o O o o o O o O o o o ^ H ^ H  *«• *-« ^  - r - . ^  »-h . ^  -^ h . ^  r-Jc-i
r - :  r-4r<  cm cv i n  r -' r -4 c< c-4 c -4 « w  c c  cm cm
x  t -h r-j c-j cm cm c-4 c-j r-'r-j r-J r-4 c-j r-4 cjc-j ~4r-j r< cj c-jc-jcmcm c-j c-4 c-4 r j  c-jrj c-jcj r-Jc-j
u .  1 c -j h O o ^ h c o o  ck co -«r co  c -j 'O o  ^ r v  ^ h O n  b O c o o c o  »-«Ch- - o r o o o - i n - o c o r v .  r ^ c - jc o  o c c r v i o r v .  c j -o  '-•r--.. —< 0
01 I C-4 C-4 C-4 ,-,*-1^  c-j w  ^  f«| 4 »H —t —. C-4 —4 C-4 t-. r-Jo-4
**- Ico t
cj i  c o * < jK > c o '0 'O O m » ^ c c r N - ^ “ ' - ‘ ^ r i ’O inc -4 c -4 r,> .o s .c > i> o n o C v ,c - 4 'O n in p - ' . r x - < io - o  '~ < o b im r - j o - a o o - « r n  c o r - 4 o -b i 
—* i  t ‘? r o 'C s 3 ^ _o o O x - .C J o fO c ,MCM»-iw? 0 ' 0 < . 0 ‘ CMC-4o ©*• r>. m r v  ^ n  c > j c o ^ c m C v o o c m n r s C f s c « . V H 0 *0 0 0 0 0 0
co 1 -**HC4in'-«rMr<4^**-i«rnr>4"H'-n-»^rocM ^ r a  cm^-^^-i rM'-*«-«c>i^ HC^ ro c^ c-4CM-*-i —< *-< r-4 ^  «-i ^  ^
cj 1
in  1 00 m  £> c K in o 'O O s  c o ^ - r s o ^ o O b i  ■ ' r in c O fv . c o r o m ^ - H O r ^ c o — *» -ic >4 c-Jro —• o  ' - • u i  “^ o c j r v o - ^ r  o o - o i i - )  co-^r
.c* 1 C M * o ^ c o x m * o c - 4O c -4'* ' to r M c > jr \ , o0 X s o ,,c r o 'C i n * - « - - * ‘j ‘ > m r '' . r 'H > * 'O * o r - 4C«ir-4'- * - * C v ! r o 'C * r  t ^ c c o t o ^ ' O ' C c o
O 1 r-4 Cv1 ^  CM -«T -H «T CJ C-4 •-♦ *-• »OC\ C-4 CO C-, *-* C-4 C-JfM fOfO •-* v-i C-JC-4C^ *-t '-••-i ^  CJ »-i C-4-,-*
— ' I
iz : i -«r t  < r - r  i^ t i* )  i'Ouo I"? uo tc u o  '-C u i  m  - o - 0  "O -o  -o  < * '0  - o  C v | \  r^. r^- x c o  cc:co  ccc>- o -o -. 0 0 .
l l  1 b i-oO '^’ 'Oco'Oo ,*cm c-jco -ocm co co c-jc-4 coo roro incMfs«.f'0fs'0-*r'*.r\|OCMf"0^* 'Oro<h-o xuoo^cm ^ rv  —*ro ck -^i 01 I C-4 C-4 «-• «-» »-H^-4-r-4 iH ^ ^ ^ r - J f jC - l^ ^  *-« »-i »-•»-• —• ^ r j  C4h C-4h ^ CJH ^  h h  h  C4 -<f-l
CO l
'-• 1 r * - * in - o c -4c M i i T i n ^ ' - r n ,^ rc -4CK-^r - ^ c j i n o c o r o c j ^ t -  o o ® i n O M ' H ^ - O N N C 4i , N T ^ b ? c 4 'O m b ’i - o  'O > o u ‘) o i c ? r o
—• 1 'O  f v ^ H o ^ * c - 4r o l> -rv .c ? rx C '. 'c -4K , c o — 4 0 '0 0 »-4C\:i>--|.“? o ^ O c o <r c M C ^ r o 'C r v  —< c o m o ^ h h o j - ^ r - o • « r - » o
rt» 1 th  c-4* ^  m c J 'T 'O ^  •-1 c - J r o —• ^ - O f o c M c s i - ^ r o c - 4- ^ r - ^  —•*-« * ^ r o n  uo w '- ^ c - J r o fO ' - » ^  -^* -^4
f- 1
♦/» 1 ii* j c ^ r ^ o r ^ r ^ ^ ' r  o o r o - ^ ^ r  O b i  - ^ c -j o - o -  u i  co ■m t o  D 'f> .  ^ c s o - r ^ o r o o r v . M O ' ' - ' r o r o o o <» '*D  ' - T ^ r o u i  ' - • m u i r v ^ 'o o
,1 i I «c f s . ' C ^ O ^ 'C ^ - t N g i ' J 'C O ' f  O C - 'N C ' i O " j r -4 0 ^  ^ ^ ' 0 ^ < ' * 0 ^ -C O 'C rs .L lC «4 > " 0  O O O 'C J 'C N C ' I f N  'OC-4> ' r v ^ ‘ rO
c  i  ^  r - j  rn  w  r - j« r  * c » h  c-4^< b i  —<' r  —• * - i —• r-4n  * 0  m  C v m  *m c jC v 1^  ^  ro b i  c-j ro
_ j  1 i>. 00 c*- b l  co —* o  *~*r-4' r b l  ' O M >  -h  M - r  r o o c c  r"  *0  *n r-o  o  r - j r o  b i r - o —• o -  co rv -u i c -4 ^ h io  «a-m  f ^ o -  —• c -4 c - j»-*
I I I I I I I —• —•—« ^  —* I J l | l |  —• i  I | I | I | I —• —<
l i t  I I  I I
^  1 r -  —> -^ -4 «-<-h  —  —<c.i cv  c j  c . c j  '••• cm r" '- 'c j c -4 c -4 CJC-4 c-.'c-j f o c i  t*.' t o  M f o r o r o  ' c t o  r<- ro  r o r o r o r o  < r* x
X
Ci i co-rco  *or^r-4<r‘0 ' O c N u i c - 4 n r ^ m r j u i o - * - * c o ^ ^ - h ^ r j n o - o *  co«-nnbi*ocj t-h 04 co n  c j f "s l i  
r-4 i n * o  o n  o  m  «r "O i«-, r j  r>. o- rs. «-4 o  O'* o * o  coo* «v—» c j —« _• n  « n w o >  - o n  m  cm n o  « r n  - c t t s o o H O  -g*c *ob*>fo I r-4 « r> C H H H H H H  MC4tN‘Or*)l»1 r4 r4  r i n  n  C4 f4»H N  Mf4 *-»«-■ H h W C H
O  I 
U . I
m i r>* 'H o i» i* O M O 'O M 'O o n m ‘O th ,c ^ ,M T N * o N 'O O c o o o ® n < > c o i> ‘ »H,t M ,0 ‘0 0 0 « rw > o M ^ , in H C h r 4 H o o
j o  i r 4 ^ , r t ’- f o n T >o - :0 'H O '4 r c jo o D r 4 ^ , r 4 ( N r s ^ ^ r ^ ( N N n o i o ,oo 'C O «rC 4in rM rvcO fH N a)M O 'O ooor4ncD ^O * rH ▼ *ON r4r4,-|r4r4rHf4)r4f4-OrF)ll1^-r4r,(NW »-r4r4M M M M fN»H CM CJCJ r-* *-4 r 4 ^  04*1 **** 0401 ** ** fO ^
li_ I
I
_ j  i  r-» r -4 n u i  - o  co c -4 r-4 O ' c o 'O  h o  t - j T i n ' O N C o ^ c o r s - o ^ c j  _ , o  -.-iOj • o N o i ' J i O ’ - i o o o b i f o n ^ o ^ c M ^ i i T ' O
****** I I I I I I H  I | » f » | | I | I | I
i t t  I I I
i c  i r -4 c j c j c m  ( N r 4 n n M M i o M M M M M r t M i < ) M i o M t ^ i ‘ ^ ' r ^  *r *r i n b i t n b i  i n b i m m  m u i m  b i  b i b i
x  i  c j  c j  c j c j  c j o i c j o j o j c j  04 04 04 04  c j c j  cnC J c j 04 c j c j c jc m  c j c j  04 cm c j o j  c j c j  c j c j  cm 04 c j c j  c j c j  o jO i r j c J o t O ic - jC J  c j c j
cj * O' o  voro 04 r - j4 fO o C 4 ^ N * rc s  oo*n ohLIO '^- in 'O ^ -O 'fv b in f^ o tn -^ r  ^  -o •** bi n  oo *“• n  *“• o* c-4 co O' o- ui r  j  o*
»-« i  b * ) f s n O r H C O ‘ O ^ M W o N i n o i r » r 4 « N a 3f ' ^ ^ i n ’ - , t n O ( > ' 'H t> * r - r 4N ^ - r 4 f j o ^ - * N ^ o o ' * o i f t N r v O ' K ^ a 3i>‘
to I fv ** r<C-4 r-4 C-4 *--< n  T  *T 04 -«r O' ■*- -*T -O “O r  J r  J 04 ***■ C-4 ** C-4 n  |*jOJ -thCJ fOCO 04 n  04~*b*)04 OJn*-* n  rO b l n  CJ
U  I 
u .  I
in  i  o -  *-» n c - j  c-4 c o n o c - 4  b i  'O '- *  c o ^  o x  c j 0 4 r v. c-  o ^ c j c o c n m  h «h  <^-c4 co b i ^ "  c o o -  b i n  r ^ n r - i c o  co  **" b i x
X i I O K , C O ^ ( M j '5£ a fC |(- ‘C r s N 'C N O s ( N ‘0 ^ ’ X ^ C C C 4r v w c t ^ C D > f s O C 'r - 4 0 n O ‘ 0 ,^ r N ^ 'C O O D * C 'C < l O '0 ' v K ' T T X
o  i  —• * -< o j c j  • H n ^ * n c j ^ r » 4j - * ^ ' i r . '< 5c-4C J ^ r -  *-* c j  i  c m c j • n n M N N ^ o ^ i n r M  r jn » - «  n n r o c j
C-4 CJ C-4 C-4 C-4 C-4 C-4 C-4 C-4 C-4 C-4 04 C-4C-4 C-4 C-4 CjCJ CJCJ C-4 C-4 C-4 C-4 C-4 CJ C-4 CM CjCJ C-4 CJ CjCJ 04 CJ C-4 C-4 04  C-4 C*j04 CJCJ pj04 c-4 C-4 CJCJ
co 0 'C JC O rH 'O rH N noco'O b,) ,o c jT in o o c 4 ,o i n io o * ^ t t ( s4 rv 'O N in o o r J r H r J ^ o o 'O 'O 'iO fs r J c j r M K ^ f lo ^ o M  
—4 0 -b ic jnob iiN .-r-« 0 -co m ?o * n o -.n *-««-« o* c m o rsN M rv O fr-  *obi'OcMO*-*-»co inO‘ 0 0 ' v C 4 . \ ^ o ^ ,& '» th J* in c o  
c j  ro c j h J 'm c j i n c j  04 ** ** ** c jc j  «•*** *ocj hcm 0 * 0  co c j  b i c j itjc j *-♦ —t c j n c j  j - J ’M '^ - h I O n c j
in 1 c j  O'CJ-o »oco,T 'O o N b ,j N ,ooo *-j*-o ^ c jo * M c o & 'M » H fo n f\ O' cs.rocoo**nc-^cjbi - o n o c j ^ - c o  u io j
jo 1 n  o t-h o - 'o rs jO "C b i^ “«r'0*o*-:0 4 *-" o ‘'*,*-«<“c jiogo  * c n ^ * o n o * .c o c jn c j '-*0 0 0 0 4 0 *o ' ^ h x c o x « t >
o  1 rjO '-^r*-!—< T n  04 b i c J n  - h ^ c j ^  c jc j  rj*-1 •-ccj.-«r-4 c o o  co c j r-i-o ui c j  «rCv ^ , - r H r j  n  *-« t  ' r  *h r-' l i  C" r**
1 t co  * 0  b i  * r  c -4 »-• o  »-• c -4 n  r^- co o -  o  b i  n  ^  o -  x  tv. b i  -^r n  c j  *"• o  c j n  * r  i n  -oO '- o , o < r C J o O '  o o O " O b i ^ n c - j O n M
I I | t I I | I | I | I | I *-4*-,**^ | | I | I f I |
I I I  I I I
'•s' I NNfvNNNfsNr\Nr\NNh'r\CPooCOCO®COOOCDO?CDtDODCCCOCCCOCC'CO^'COCOO'CKO'0'Ch()'Os^OsO'0'^0't>'
X  1 04 r-4 CJ C-J 04CJCJC4C-4C-4 CJ CJ 0404 CJ04 CjC-4 CJ CJ CjCJCJCJ CM 04 04 " * 0 4C-4 rJ O’ CjC\* CJ CJ 04Cv*0404 CJ0404C-4 CJ04CJ 04 r j iv
o  i co O 'b io o b io . 'O o o - b iO 'C jn b ic j■ « 7-0 'r jc jb ic jc K O " 0 **O 'k 'O 'H h j n 5 - ^ ^ c o - o o n ‘0 ^ n s5 > « b H » ,?(>-'Cr<(r
— t i O' c -4 o x r s o - n c c o c - 'n C v 1 j - n * r m o n * n O - o o o f s w ^ ^ o j i i * ) —«co»-<b i c m  *o ©  n  *oLi‘rc jn o - 'b iO 'T C O c o c j
It) I rH w rl'T N H -H C JH rtfO C -J M CO'O *0 O n N  rH *-* O? 04 CJ *+ ** ^  fO 04 H J-C D H H H r« J< in M H  r-H n  r-H »-«
U I *H
U. I
in i O' 0 . O'oo e o n o o o o ^ r c o n o 'b i  no*. r v n b i^ c n n n b in P - 'O -  <* -thcookO- o - n ^ c j  c jc j  c jc j  o o o b i n  m ^ n o  -om
jo i *-4 ' t j - x & '* t ‘0 > -D 3 T H C Jf0 0 '* r  n r - t O c o o c j x c o 0 4 b i n c j - c  - o x  r '" * - c n c j r g N ^ - c n K ’& 'N H r - in N r j w -o*^
O I CJ <rH n  C J fO CON L*|N n-<I W r ' N  -*-* n  n  CJ'-' r—» CO r 'H r lL I M J ’rd r-< r-»
Lx_ I H
_i i —* n n ^ r  b i'O  m ^ c j r j  o-cor^ b K - n o j-rn c j « rb i 'O i ''X —,n  n  0 0 ' 0 " 0  b i n  c j —• o c ji-o ^ -b i'O O 'C o O '^ -r  c-j ^-to*
** —JrH ** I I I I I I I rl—«r-^Ht I I I t I I -rH »-* *« I
I I  I I  I I I
i<£ I T  « r 'T T ‘T«T^-*TT'.-1 bl *. 1 bl * “* bl bl bl 111 bl If? li“J'. Ib l LI blbl bl 'C 'O'C -O < ’ *0*0 O  O O'O *0*0 *0*0 *0*0'0*00'O' I'*- O'
©  i-v o- ^ *  ©  oo n  ©  o  ©  o  *o  co *o  o  c j  o  n  o  * - i * - * r j  b i  u i  0 *  b i  k . o  f * i  o> oo o  co  ^  r J  a *  co c j  * o  r o  * i  ©  *o  u i r o  r*
©  r H O lM H M X i^ N O IO O - H f r T ’ H © ^  I N  0 - 0  J O -N - - .  ■CO -O N  ©  b i * i  PJ PJ'-• CO O 'X  04 O P J  O 'b i *T OOO-NfO 
** b i  p  -4 04 ** ** n  H - o v - f M T ’ J ’ r j M r o r o t W H n  *1  n  b i  —< u i  oo -1  - o  t  —< u i  •<  -r* t i  r  i  —< —* p j  —*
0' ©0'bibi^‘0'Oinno«r *i~i ^ ‘O'HO'O'o*. *004 «io-"On no-n©o-^r O'o* ©©«-** o* *004x 0-x « r x o  oin
«“ * ‘▼ o - CM VICO *-• b i  CO ^  ©  b i ^ 0 4  CM© O'PJ 04 b i ©CO *C © P J X  * i « O n o *  0 '© rv ,b ir -40 'b 1*ib 1b l0 'b 1  ^ i ^ U I T O ^ f v .  
H i n i f J H r i N M  H r4 H M n -O M T M T ^ C M M » fW M Il‘)H f4  —in*C  *l*r O ' P J * H . 1  *T—»H P -P J p i PJ
©  i r - J n * r i i i ' 0 N 0 ' O • “ • n n o O 'C v - o m  t m < n ©  i f j m - b i c D O ‘ CO<r w c 4c o * o i n r 4 ^ o c 4n ^ - c © ^ ,n c 4*H t> ‘ CO
I | I I I I I _ ^ , - , r 1  I | I I I  I »
I I  t i l l  t i l l
b i  i n b l  b l b l b l  b1 b1 b1 b1 b1 b1 'C 'C 'C '0 'C 'O '0 'O * C 'O '0 'O s0 '0  - C '0 ' < J N N N N N N N N N N t v N N N N © ( D r o C D 05CO
n n n n n n n n n n n n n n n n n n n n n n M n n n n n n n n n M n n n n n n n n n n n n n n n n K i
CJ I 'C o C O f O f - J - o N N ^ 'O ' l J I C O 'C O ^ r t N N  • t m C O N  *-t O- —*(>. ^p O ' 1 C4 M b l  —♦ O '^ T p jP J c O  * O p j ^ ■ 'O C O - O C O C '- lM r jN H
—• i < r  ,-o JJ  i  H o  n  o -  co  co  u * ) o  i f i « ' 4 f 4  N w  * c  O ' < ■ ©  o  u i n ©  ©  o  co  0 .  O J ©  i - - - o  * p ©  04«-»o  c j  u i - * -  c r n c D - o r o u r
to i p j m N r ^ n c j  ^ p j n i m  j 3* O b i u i * H i » M * 1 0 4 o j 04^ p j ^ n * o  n o o  r j  x  n  b i  —< p j c j P ^ M r o  p j p j —- r j - * r
U  i P 4_ i  * i« ~ t ^
U . I
«/! I O O N - 0 ' C i * O p 4f > N H O * * < 5'0 0 '0 'O b lC > C O ‘ O N b 1 » - < C O j)C N N ‘0 « f  ^ C N ' ^ ‘0 O C 0 M © C N s D O < 1r 0 0 '0 'K < N > '0 b 1 a .
.c  i  n - r © C N 04* r ' O m f ^ r v  p J - f ' O r v ^ r u i  x ^ * * c c j * i ©  n o c ^ ’ n ^ - ' o *  * o * i  © b i o j - c  < “011^04 •’O n ^ u i ' C  © © 0-0411104 cn
o  i o 4 r - < n  ^ r r j  n q g P - 4n  >C '0 ^ r b i r H ^ p j * i p j 04p j * i p j * i p j * o - ^ n o o * - - o < x r M ^ , '*-.r -4p jP *4* - iP > i^ r — p j p j —. r j ^ r
U - I N n l r i  _
- 1 i  - < c o n p j © c o f v * ' o n r j * - « © o < n <r b i ' O o s O ' © r j * r  n * - » © 0 'X O 'b i ^ - n o 4 * - i p j n < * b i r ' c o c N O J r - t o  c o r— o b i - r n p j
1 - 1 * ^  H * -  l  I I I | I I I I t 1 I I —tr -4 I I I I I | I I
I I I I l i l t  I
* £  i  r 4 r o ^ n M r o M h M n M n ^ M i M M n ^ n M j - j , 7 - j , j - j , ^ « r T <r ^ J ’ « f <r j - <t <r ^ j i < i n i i i i ( i b i K i b i i ) - ) f ) i ( i
x  i  n n n n n n n n n n r o n n n n n n n n n r i n n n n n n n n n n n n n n n n n n n n n n n n n n n n n
cn -^r *c ^  ©  Os o. *-• x  *i o-o* bi n  n n  ui-r-t *0'0 o* oj -r cn co ^  fv. bi bi'O n  pj n  in r^  ui ui co x  —• n
** r H ' l —« 1  —1 PJ —1
H 0'P4N © 0« ^ * il‘1in ^ r tT -0'C © N5r O ^ 'N a <r ^ ,l1C4 0D0'*0bHNC0Mni*C0'O'C0^-0'U1N*H'0Nf^b1‘<JN ©  O'bi r>s p j pm *-« co O'O'n ©  ti n  *-• co *-»oo O'bi O'O'in n  ®  o j *-• O' *1 co Os pj *r n o .  oo *c ©  x  <• cm ui cv. -r-4 
bi bi ^  © 'Obi *o p jiir-« p jn  *rum ^r Nscq *o© ■m'o- '■or4in>o *1 -r-t ^  —ip jr jp j pjrs, 0*1,1 n ©  j -  —»*r *r pj n  —i
*1 * i  ** *“<*1 * ^ 04*1
O 'c o  * i  « i  b i  i n  n  n  tv. p j  b i  b i  p * 04 r i b i  fs. n o *  ©  i n  O 'g o  *-« r ^  ©  a s  * i  i n  * i  O 'o j  Ok « i  co  *-• p j  o - o j  « r  u i  b i  o - c o  ©  
x  * r  O 'r>s r > . 04 r v  ce n  n  x  n  o - n  * r  p j  u i  * c  p j  O 'O 'p j  u i  b i  ©  ©  •-» ps* ^  n  Os •-7 o-Ps* ^  ©  p j  ©  o j  Os* *o  ^  ©  Os © - ^ - p j  *-• n  
b i * r  ■ r^ 'C 'O 'O  r j v i p jp v *  04 ^ r * r n  i n  O 'o -  'O o b i o -  *004111*0 ** h h u m  P J r v iP J p ^ X b i^ " ' - .  b i b i  « r * - * * i - r  n * - »
*-» *~* i  ** *“** i ** PJ *-*
©  co •<* * t  p j©  p j * r  o  ©  p j  - r  p *  co 0 " 0  b i  * r  c V r n O i  p j n  - ^ u i  - o  rv. o -  ©  *-* * r  n « -» ©  co b i  n  p j  l o i r j i ^ n *  v i  *o  n  ©  
* - ' | I I I ** *1  ** *"* | I | I | I | I I I I I I *1
I I I  I I I *
©  ©  ©  ©  ©  ©  ©  ©  ©  O  ©  *1 *1 -1 *1 — I *1 *“* ** ** ** ** — • ** *-* 1  -*1PJ Pv* 04 PJ pJ PJ 04 PJ PJ 04 C4 04 pJ 04 P J 04 PJ 0-4 PJ
n  n n n n n n  n n n o i n n n n n n n n n n n n n r o n n n n n n n n n n n n n n n n n n n n n n n n n
©  o * © n  0" 0 PJO'K*cN'^'©*^‘0 ' X © ' 0 © © b i 'C m  o  —< © ©  *o ©  * r  cn p j c o n ,C ‘0 * o o m > '  o 4 p j© ©  ■'to. pj o- bi r 
*o 04 O 'n  n  »  rv *o l i  *o < i *? r-i *n in n  b i Os ©  ^* p j *o x  *o x  ©  in  * r  f n * f  n  *o M  ©  o-co cn x  ©  ^  * r  x  ©  »
f1 1 P 4 1 ( N | H P 4H P 4 1 r - H  - 1 * 1  * 1  *1  * 1 —1 *1  I r U  H r ^ l  * 1  r
< -4 r ^ ^ r j^ r j r * ) p J ~ j  n p j p j * - i —«-^pj **** ** * -  — *1 i ^ r j  n .
? © '0 « r© « r -C (0 'O p i H C - j i i i f N M i r J o - c n f  
-  i i t i — i » i i i t  i t  » j l i t  i i i i  n
i  i i i
j -o -o-o -o •o -C ‘0 -< '-o f ' 'fv i 'K 'v N c c c o  coco go c o x  co o  o- ^  o  o - o  o  o  c o  o  w  pg p jp j n n  © o
■< -i *i*-•— * — - n —  —  — i —  — « — i r-«r-<nr-* —  —  pjpjo j rvpjr:p4rjr jr:rjc rj p j p j p j p j
i r {rjr > r-4 rj r jrj pjpj r «r ;r u • jr t • j pj pjpj 04040404 pjpj pjc - P4 pj r j n r j p ;  rj r, r 4 r : pjpj pjpj pjpj pjpj n n
cm a *-«n NWiNKKD’ru'C.ii'jiftiino'Ot'.'O i> uip.*crjn ui o* o* cn oo w*T(MjiT‘oaouci*oKNCh *0 0*01-*- pjui
a. o i if* CN<To>r'i(i,)N*oioii'i05Mn«iistncoi/)0"*Nco*cNnHCorMO'0£Dnir4tMnc>0'0*oc4^<n«*)aj-ocoi  t *o r i© 'O r < tH a i r tH iM i c o r t r > j H N © o  o . o  u in o *  .xbifN .•tncdi*'!*ocn«t O 'n © u iO 'O iK M jM ^ tc o - o c n o x  to i —»-i —i—• —11 r i n H n u  ri — niuTCONN'fmKNir^fNuirsirnoorjwronTfi^-rm^- * m
u  t 
u . t
m  i  cn x  ' O © o*u">© r j « r  x u * > 0 * 0 . c j ^t  - o u " > n  O s - t - r u i  c n l ic n  b io *  © 0 * 0 0 1 n  x o - . n © ^ r  o * x —»p j  o n
Xi I n  O  l v <  04 CM O -M C O -h  ©  CN ©  P* H K M d H H H M - '  C iO <  - O T T N T C C C K ^ C D C O C N f O - O ^ - c r o r j f N  O- 04 ©  ©  r  J  O*-
o  • —» *-« —i** ^ H H f ;  p j  - n H * c o 3f o r ' - r r . r 4i  c j i n f j L i c i n i N i i n f o n t ^ - T M i n u i m i
u_ f
i n  * r  u i M ' T - o c O f ' j o r s K u n o  o o - o - f  ©co o - r r j o  r j - r  o x  © T n r j © c n c o -o b i - * - n o t  © ^  cm n - t u i p .O ' © —<
• * I I * I m i  I | I | r-H I I I f I I < - 4—1
I « « I l i l t
I C0 0 ' 0 ' 0 ,' © O O ^ i ^ f M r ' J r ,i r ' t M O O © © O O O O O O O O © O m i m i H H H H H H » H H H m  —I ^ ^-tCNrJCNCNrNOJCNCJCNCNrN
X  i n  n  n n  n n n n n n n n n n  n  ' r « r ' r ' f r ^ - ^ 5 r « r T <r 'r ^ r ^ r * f ‘T ^ ' t ,4 ''T ,f  *T<r -T * T T ,r ,r * i '* r ^ < f * r 'r * t
u  * n  u i u i o * b i o x ^ o o x u i © x © n c o o * p - p m * r ' O i ( . c o < i n  —' o  p j —«**■ r j P J o i f ' - T - P * < r H c o o - f O H r r u iq d o . b i - r - 
h  i o .  - o  ^**-0 « q - x p j« r  0 1 0 * * 0  u i p j —  *o  o *  n x o * * r  h W © i n  n P J n  ©  o  - O r t t  < rc o  cn  *  n r j  ©  u i  —« o * n x  t i ^ o * ©  n ©
TO I — h W h I H U H U N  - 4 —«—1 ^ 4 —i C JO I M 1 - C J  l i f t  1 M C J  r4  r lC J  r l t l f O  PJPJ CJ 0 4 —*
(J I 
U . t
in  * t o *  x  ©  ps  c J  x  u i  n  ©  x  ©  * i  oo n  cm ©  i*x co  cn  o i  O ' cn  n  n  p i  o  r j i o c c i i i c o  —t * o  u i - t -  co 04 —i p j p j —* © p * © o  —i u i  
jCi i x  o» : o n  m 'C c n o o  *0  0401—l i e  n  0 'C s ib io .P v , o 4P ',0404© t i r '  t>- < . c j n p j p j n © ir - O ' © c v 'O C n —l O i b m o * ^  l i o *
o  i * 1 —v h M  p., — —i n  —tO JC v.-^  , i * i —. s -  —i —* p j  04 PJ —< o j r c P J  -4  r j  —» n n * i  r< » ' J p j  cm
U_ I
__j i  —* o c n c o O " O b i* « r p * « © n *t u i  «o c n o j c o i v . ' O ^ * n — u i 'O  —»*h >  ' O y i M c H ©  * i p j u i c j *o n o j © n ^ * u i n —* —»p j
4^ —• —. I | I t I I f *1 t | I | I — I I I I I I - 4  I | I 1 | •
i i i  1 1
1 * r  * r  -t  i r  * r  * r  -^r t  *=p  - r  *=r - r  - r  ■'T -rr u i  u i  u i  t o  u i  u i  u i  u i  u i  u t o *: ■ c -o J J  - o - o  *o  -o  * c - o  0 * 0 .  r-*.r'*r*sf's . r ^ c o c o c c  co co
x  1 n  n n n n n n n n n n n n n n n n n r o M n n n n  n m n n  n n n n n n  n n n n  n n n n n n n n n n  n n
o  1 *1  i n p j c m u i n p j c M * o n p j o . c N f ' s ©  r i ^ o i © * - ^ r n b i  p j *o c n o .  —4o  cn ©  n o - o n o - O b i o *  © n n n p * . p j n n  © cn
n  1 —1 * o x ^ r © 'C O ' t i b i X i / i O 'b T ' r o - b i o s - M - < r - r  © n o n c n ' j I s c © © o * o -  n - t - * - d i m * n x cop * o ^ n o -  © m p j - r . o c r
to 1 p j  ** i € M M i j - f j i r f i < r O s  - r  —»n  —• p j  p j  p j  u i  p j  —< n  * 1  x  *1  n  r - n r m n  —1 b i  p j  —« t i  r j  p j  —*
o  1
Us I
in 1 n o -  i t i i n o '^ r o c o & 'M T j O 'i 'O o i O 'O i i i  o * n  cm -r  CN©n *-• n u ic o  oi rvp*pj *1 0 1 0 1  u i  *o *pc J - r  ♦ - • P 'O . ^ - x  * r n
j o  i ©  'T t ©  rs  1  in*c 1  b i to op.* *o 11  w  1  o * t  O 't ^ o  1  « rnu iO 'p j~ H ui n  -oo.* cn*o —«to- —< n  —<c n o *  © ^ © n  *o*c
o  1 o . ^4 —tp j p j—<-rpj<r n * r  P ' - r  n  p j 04  a  u i p4 —< n  —1 co p j—* —1 —• —i ~h— —<—*oipj  -  ^  i N u ic - i  — pju_ 1
u  1 cn p v n P J x O " O b i * r P '  © * - ' p j ^ ' u i ' C n o o n  © O 'b i * * '  t o f < i O i p v r o ^  r  - o c o * - * * r C - j © x  *0 *«'n o ;  —, © ^ 4 ^-
— 1 1 1 i  1 1 —1 ^ - —. 1 r 1 • t 1 —* ^ 4— ^4 1 1 • i  1 1
• 1 1 1 1 1 1 1z  1 o  o - i n n m n m - u p j r ' . v j p ^ p . t i  r  jP j pj p j p4 PJ pj c-i r  40*' pj p j n n  n  n  rp. n  n  n  n n  n  n  n  n
x i  n  *•' r o n rm n n n n n n n n n n n n n n  n n n n  •« n n n  r i f *' n n  n n  n n  n n n  n  n n n n n n n n  r o n
*1  0 1  n  * c ip j -t r i o c N * o p j f N bn-« r c n o -t n n * r  —t* r -  ' o c o © o p j | c» c o ^ t  * -  o  x  c o n  — x u i © u i - 4 > ’ * —  - 0 0  * - * u i o
«—« 1 i C C N ' C  C D *C iC O N f«l<l T v ^ ' * 0 <l ‘ ' 0  0 0 'C l ( 1 * C , t j l J l n o - ' /  t v  p j l * .  © '.P “ CN— —« O. C C N  -*0 P * ©  ©  —< O  .- jp *  <rPJ 01 O '
*o to i -M- — i uio. J - i n  -i m  i r j o i  04PJ TO*04pjui ; • < pj pj —.n  pj **** cj n ^  n  n  p*>*r 04 — • — 1  *+ ** pj —
C Cl 1 1
TO U_ I
in.1 in 1 cn oio* ©rjnrjP'Os© vO o * vc x  —«—< o  —1 —< 0* ui n  ui ©  —<ui —> sopn ui - *v ^o* n  ©  n  ui cn  ui ro cc x  —< —« x
O JO I ~* O 'C D O ' t n t m O ' t  O 'X X P J ^ P iX 'C b l 'T  X *^ * iP J  © 'O —lO.* CNnoiVOpjO' CM oil ©*C -O P 'N - * ^ H X n  r:- c ^  LlO*
U- 0 1  *r *oOs—4bioj—»bi 1 1  m  cj 04 o' t  pi pj bi 1  p-' m ( j  01»- f 1 pj cj p j  n  n  n * r  pj—• — r j —•
** u. 1
©
S- _j I (V U IT IO  P J
O I I I I I
•n uC I 'JV CO COCO ttO3CD(XiC0'0C0CCX > . «X)CN»:» O *> \> ‘» o-f^ 0  0
04
** x  1 n  n r o n n n n n n n n n n * *  ••*nn»*. ‘ - I '- jn n n n ^ .n
U_ f 
*1 I
t i l  I
o i m  ^ -mrs. omo r^v iock ro^ r ^ *ui’^ ’CMr'.cM'OtNfKO'Om bir^no uir-4CKmm«r o-f^ »-«ck^ •cooo'-o •ownoo^
*—  1 r x r ^ o N h o o »  * h * h u ic g o ii ir s rsC O T O sjir t^ rM n  o-m  m  «r u ic o o  ui r -4 ck me-* u i cm c^'O O'cc c-4 ck*h*c coo-o-r-s.
a# i h u i ^  a  *-»ui «-«(MrM—«C4^* cm^«-4 *-«m *-«mrMrncMrM^^ •**—<mmm*-«cM^~H-«r m  n c i c o  cm*-«
o ILi- 1
bi » •OfN'Or^)^roMn *“**rcomo»*^ooo»Hfsto»Hh.(>'Noo 0"0 co O' cjfv •owmwo^ono^tj^ln Tfsr'ic^
jO  I O ' * - i 'O m  C K - ^ O r  CMO-* *G <*" O 'O ' O'CC O rK O O m  ^ “0 0 m e *  C s ^ m n C O C O
o  i cm *-<■*-< -*m  ^no4m C 4C 4 m m  m^cM»-« cm it,  m ^ n  c-4 o - n r o H
U - i  *
c-4 o«cui 'Ofv. ck cd r^vo •M-mciocurui'OOOomc.i ocor^'O ui^- mr-4 o^*m-«r 'O^m o-cor^ui^r mc-4 *-»o 
| ,-1 —, I I I |  I | I  I I |  I  | I I | | |  | | I | |
i i  i l l  i  i
o -  O .O 'O ' CKO. o  O O o  O O O O O O O O O O O O ^ ’H *-« *-«»-* »-<—»*-H—1 *-« CM C-4 CM CN CM C4 CM C4 C-4 C-4 C4 CJ C-4
*r *t *t  <r * r * r  * r  - v  *M--«r t * t  ■'r-n- « r * r * r ^ -  T ^ r  ■m* « r  * r r  « r  ■'C-^ -<r-*r * r « r  -m-«r * r - * r
u. i N(h M o  r^co ‘0'0'0Mii^,iflf\MLnc4r«)N*HrN«r *-»o- * - * or-v 0"Oij‘>fooo©r,4(\4«H|jirN(\o*HrN^  coijickl" 
xn I *-• *-4 •“! »i^h^-i^,^-ic*4<N^—'C-4 —( «-h
•r4 I
t n  *
v  i  < * c j O 'o f ^ o ^ * o * r t o m c j r * o 'O m O ’- ' O O u i c - m r ^ - c - 4 o c o ^ c - 4 o %-.o ^ o  m m Oc-j■m’co u i m  f>' - - - o * r o u i f v r v ^
*—* i ck « r ' - » m  'O o ^ ' O '  b*>fN.O'C-4 0 '^ m c o « * '< N C J u io « c m m  «-4«r O'cn r^-c u i cm m  co *-< *-o r-- u i  co cd *-o cc m  c -  *r « o u i ^
*o i  m *-1 - h  c-4 *-* i n  c-j n c j
b i t 03 U lC '-O ' C O o ^ M o  U1 C-4 m 0  *T  —1 o  CO M u ")  CM *C * - * u i b l0  ^ "C -4 CJ -C  '© m  » - 'O fN .vlC « | i‘) 'C w M T s f S M ) ^ , f l O O  f ^ o O f y
JZt 1 *— C4 co co — o  cv o  O'ro cc co o-—* Cnin*. •M’ri'M’m  *-,,T L'“ w“ *rui c-4 cm cvui u i c-4 fSs-^*r^c-4COcoto^Hf^co*<,co ^*ui L i^ -r^o .
O I Ul^-C-4 rOCs •-♦ir. r^fM CKCy CO^C-4C-4M- .^ ^^■ M u iM U lM fv  ^ 0 4  «-i C-4 UI c-; m  c j
-j 1 n«rLi'orvosrooo'Oui^‘MCvJ-*o<~<c-J<‘Oor-irt*NH O'rv. 'em M-Mro^o^, rJm^’uif>'0'^rM uim o-oo
*-4 I I I I I I I t-1 I I I I I I I I —1 * -« *-•—I I I I | I |
1 1 , 1  ~  1 I^  t md 'O 'O 'O  'O 'o r '^ T v .rv fN s .t '- . f-v  ( • '.r -^ f '- 'r - -  r ^ - r v f ^ r ^ . r ^ c o o o c o  co co  co  co  co co  co  co cc  co cc  co  co  co  00 c o c o  c o c k  0 . 0 * 0 .  c k o  c k c k
o  1 co  r o 'O  'O  cm m3 ^ ' O  m tu i  1 1 * 0 0  0 - 1/1 c o n - - ' <100 u i * o  r o o o 'C - r  u i« r  u i o  ^ if -v O - c K  t i - - o * - ‘ c o c N u im c K m '0  i K - n - ^ c -4•-4 1 - o  o n *0  t i r <  r-4*-t c o o c * . ’ rv c -4C K c K ^ c o c m - ^ t r > . ^ o u i  u i^ r■ ^ ■ c o  o ^ r K c o in  ■ O r ^ L i o o c v o ^ r K f K r o 'O jm u io  m-oCv'cj
to  1 - o c - 4 ^ * « - i c m » - 4 t M ^ r  c m c m  ^ H c - 4 ^ " ^ r u i^ - n r - 4  c -4 » h m  » << r « H ^ n « H « - i( N C 4 * c M , 'C C 4 < - ( r 4 ^ -
u  1 
u .  1
u i 1 o ^ r o c - i C 4-OC0 O  oc« -hr-4fN . f> - o f>so o c o ^ o - n * r K O O 'C u i  O m c p o ^  'O r K i * i » - « n o o o o ^ ,o * *n rK O o c -4»-<o^
JZ- | O -^ 'O rs  ■^ TMTM'O kC 'O l>fONl)TOcO*--'C'4'C*0MTC0 •M’ CC^fTC*4 H*C 'OCO © fsO O f^O 'O 'O O C orV M llO O
o  1 r>» r-4^* *-4 C4-^ -» *-»ro c*-4ro *-* r-4 ^  •-< c-4 b iro  roe-4 ovm-i ro »-< »h c-^^h cm ui m_u-- c-4 c -4 ^  m*
—J 1 - o u i^ ro t 'v ’^ c  ~h c.’ro - tu i  'O c o o ^ ^ o O 'C o N - o '^ n  - ^ o ^ c - 4 n - r  u i*oracoonui-M -nc-4*-jcor>s-'OUiro ■ ^ o —,c-4
I ! I | I I I I | I | I | I I I I I I
I I I | I | I
■xz \ t  t *t  * r  **~t  * r  - r  *Tt  *t *t  * r * r  « r * r  M u i n u i  t i u n i u i  u i u i t l  u i  U lu i  » .l u i  ^ u i n u i  < * '0 *0 *0 < , ‘ 0 '0 ' 0  *0 * 0  -Omd
*o •O'Cui 000oui coui <•!*) 0"OUifoco-ocoor-4n-o •Ot’-’odn»onco ‘^couiuico*rc-4^ ro- rono^ ^ rn ‘too<*co 
m ti O' uicm ex? o-co 0 0  m t  to m r^ro f*-1 n  *c *o o  i ii  fN -o n o n 'O  in cm ^ io m -o  Ocvncor-iconcKCCo- -c*or^rv 
^  c i c-4»h uim mo. ^ -<iii ■m-imc-4f\ -nr-’ tH iN ^ rj-o  'OC-4rorN-*o^'C>n<i*r^-iui ^  o:*- m *-*m
*-i *r ckco ckui -m*co o«r t i ^ “ uim o n  T c - jc c -o n o ^ n  r-:^-o*M *-»rv o  'Cco^HmocK'Orvc-Juir^uiuiui 'C -r r^ui 
+ * t Lirv occoo-o <“*o»-' o nC < r'O r4 ’-,*H rs fsN ^ o-»-<O'or^fv. >roOcDM--<c.'roof«)C4nTNCC^ 'C -cNO cic.**~iulrj—<n o  «— uiCTtNfy *<ih toi^-ct o fo-oMril i h r- c^ ^ h ^ h
* cOf- » —  o  —«1. »***rui OK.uofKO-^i^cj holk ro r^ sD ui*r *■ cj *^o f - m  t  u-* -oco o  co nc-4 —*c f
i t i i  1 1 f 1 1■ i-.tjc-tj c -cj r- - c»f r j»- . 4•--.•C4i- *m * :n m fOMK/w n m n n  ,<,m •< c i - c n n r o n n n T  «r-r «r *r *
x
iif 
10
»F
ob
s 
ari
d 
10
*F
ea
lc
o t rv. ro ro o  inoii*)T«r»Ho»cjinii')ffli*')(Mnfi4*oc<'0(ioofsMr<Nr\^*H(h‘0 ‘Oij,>coco'Cii*)h)«-«oti*icors.'f'O^con
rH i <. *o ^  cNcoi,^ '-«o,<r^cNtr:r-4fO'OroO‘ mr4oo«-<&HO'.'^rv «rrs.m»-»r>»*or,Nf>^rN.rs.i>c^in *hcsi
<t» i  01 O ' r o  *o  t - i  r o r -o o 4in * -»  o i  — o 4 0 4 c n * -h ^ * , -« r- '* r r« 4 * -« o 4 C 4 « r
o  i 
u .  I
U) I li") lilN(Nlj‘)O WOOUOOO»Hlrt'OCDOO,,'<OCO^ ,N o fs*NOO^O'NOOMOWrs'lrtOD,0 ,0*0 0'MO'fs'li‘) 0  0*<'
j q  i  f x O * H O '  c-'i o c .O 'O s<3CMr>'.r- jh O  ( N in  • • r O '—< rv .- 'c  ^ - to *  ' 0 O c , o r v & " 0 » - '0 0 » - « r ^ N « m 0 '0 0 O ' 0 c 0 b ' ) '0 t * )  c ^ c n
z  i  •-* r - j fN  ^ o s r > j f r i r o ^ r f o r v * - i c N ^ ' 0  « r  c m w o - ^ 'O  —< r * j t o r o m * - t  o 4^*~h ~ -»  n r ^ c n  f o » H r v n n » H N » H « f  
Li. I
_j i -r  f*>r-4^ cors.'OU*>^T*Jo4’-*o»-*ro^’ in'Oro—^O'fv*om^rofMO^Hro-*oooo'0^rr^*-ioors.*otn^*focM^o*-»ho ^ ru")| I | I | I | I H H |  I I I | I I | | I | t | I |
| M »  i l  I I I
^  i  « r  « r  ^  ^ ■ ^ ^ ^ ■ 5r ^ , < r <r <r ^ , ^ ^ , ^ - < i n i n i n i n i n i » ' ) i n i ^ n i n i n i i * ) i n i n i n i n - o ' 0 «o,C '0 ,< i*0 ' 0 '0 ' 0 ' 0 '0 ' 0 '0 *0 ' 0
32 i m b*>u'Jinii*)ii3mL“)minL-j(j"5mi^u*5ininu‘)mu')inii*)minmioiommb*Jmir)ii3irtuiminminminti‘>mii*>mi<‘>inb*)inirt
o  i *-« o o . i n  roo,kroi'*,'*-«bTir,ob '^CCOfs>»f*-irs>.tN^r^^*rvc>'fvi«rb-)0‘ r^f>*»b‘>^-»*-»o^,<NfN-cNfSfcoof<5*oOrvin^“0*r-4b‘)r'4'0
*—« i f^ . o k * «u‘ b'*4'ocv o,'0'ocoocco «*-« 0 4 1 ^  rob'JcoO^cNco^-J C ^ ^ r u ^ - O f - w ^ o i 0'-cc0HCKr<<^ o c o t <?
no i *h Wro*-' t h » - « _»r-4 oj r-4 ,-i ^  r-4 04 *“« —4—* *-4*-* c - i^—«mr»4r 4 ^*r,s.oO'*r-4^ ’ 4- * ^ '^ o 4^^«
Cj i *-» —» —.
u .  *
ui t ro fN»Hr-4 0'»-*irjO<fOo®ti‘)*cr'i^cocvi ^ ^ ^ f s  <r^(N ,<J(>',H'0 '0 0 ''0 N W 0 '^n o ^N r 'if^ N C 0 » -iT rs L ‘)M ‘0 
j q  i r v  f'*' O 'T '*  0 ' ' < i i n ,« r r >* '0 * T i ^ c o o o 4 t ^ r ' ' ' f >*<>H rco4*“* r ^ f ^ o c .« 2 , r s s ^ 'C D 'O r o O c o * “ , r''**,,< > c o O r* ,: r N .t 'n b * > f N .« c o < v r v O ''C o t ,r
o j ro c\t~* ^ ^ ^ —•^r.irc'Orooo,-tc-4-r*r~*M^<- _»o4oi**« * H « ^ ^ r o ^ n n c - w *-* *-*
* 04 co i n  •o^O 'O  —*r 's m ro o 4 '» ~ » o l c * c o '0  m ^ c o  n  h o  ^  ^  m - o  c d o  r g c o
I t  I I I  » | »-< —t —
I I * I I I I I  I  I I I
uz. i —i —* —h-h ~ * r - 4r-4r-4o 4r -4c-4r> ir -4r -404r -4o jc -4r -4r -J o 4C '» o i r 4o 4r v4o 4COr9 C O r o c O f O f O f o r * i r o K > r o r o r o r o in c o m K 'r o r i r o * T '
x  * i n  m  m b o  in b o u o b O tn in in L 2 -b o in b o b ~ o ^ b O L O b O b O L ^ u o b O u ^ b O in b O in b *? ir> b ‘5 in i* ? in b * r in b O in b O in i^ b “H '‘? b o t n i n i n i n i n
o  i  m  'O ^ r i n  r x f >^ m '< i m o 4r^-^-»fvv * -» '0 'C i n c o « r ,^ ’ i n ' ,r r o 'O c o o C '- 40' * r f >-sr>*'‘^ c « 4C O O '^ ‘ r o ^ - r - i * - i r o b o  l o  - o t n c o f o  ~ h O
«—» i *h  w*o* rs .'C , o ' X , r N . 'C < r * - » ^ - ^ - < c o r v 'o * - '0 '—‘ r ^ K ’ ^ r ^ ^ r v ' r v . ,< * '0 < >J fM r>v.l. n ( N ^ r ^ r o ^ o *r l o o t ? - . - c c o - o h o o c n W
to i  r o  r o ^ r - 4  —4-«r—'r o ^ r r o ' - o r o 'O b o r - i
o  i
Li_ I
ut i  r v i j T o ^ * o ^ u ' ) r ' ^ c O ‘O N r \ M f o o ^ - o » H C O r t C h { N O f \ ‘ O ii'> ,O M rs‘ < > 'f,,< « - < M o ^ b O 'O r s ^ r o ^ ‘ o f N* ^ c h
jo i  0 ^  r ^ o - ' O  o - .- ( C C o o r v . r - 'O '- o x r - iC v J  c - io ~ *  o c o c o  0 ' * - : o-4*--' ' - o f ' * ' - t n o o '^ r  o i i o o * o * o 4'C - o m r % » - :0 ' 0  - o o o r - '  o ic o
o  i r u  —  — , - t —- —4 r-4*— —4*^'-. —* 04 b o u o fs' ‘ - « * * ' r o f v o 4^ - r ,*,* c N ^ T o < » r o b ,? b “ r J
u .  f
ic-Jino^o^* bO'O r*vco*o Wco <*10 cj o  *-4 <• -*r c.: o  or -o o-j *o co'O 01 r^ ' occ- «r co 040
I I | I | I | I I | I | I * - ~ - 4* -  t | l |
I I I I I | I |
i !  » fv. f-'. !>»?'■' rs, rococo CO CO CO CO CO O 'O 'O ' O'CS O' h CN'Cn O o C o C o O  O O O  O o — '
* - , - 4  —- C4r  « r -4 cm 0 4 ^  cm 0 * 0 4
x  1 -t  - r  ^  « r  **• t -s - « r  < r  ^ * « r  * r  ,,r  ^ r  « r  * r  * r  10 i n  lo  m t o  i n  10 m io u o  m  i n 10 i n  'O  10 m  i n  m  i n 10
o  t cm 'O r ^ t o  r-4c c o t o c - i c - ' o o  O " — —io -4- o <■ i - o b i r o * — r o r - i r v r - 40 * 0 ^ r o c o c o - r < 50-4c m r o O '» - « i T r ^ t ^ r s O i o x « r r > i ^ r - j
r~* i M ’J 'ttc c o r^ -^ rv r^o r- irv 040*—l O i n ^ r - 40-404—4•ot>M<lO'C-.,c>',,tn '-< O '1**’ ocom f>*0 '(vocoo-o*-o'O
fo » r-4* - — c-4*- ‘ C N *-« r4*-^— 04*-» « r - * ~ * o 4*-«*-» —« o 4*h  r -4f*> —1 ^ 0 4 ^ 0
o  t *
u .  t
u i 1 O  0 * T ‘ C O C h 'O I> C 40'f v O : ,U ia ? < ‘ l f iC O fN' * C '0 ^ - * - ' f l N | j l N u n C < ' 0 < r ^ - 0 * T * - O O M C M O N C h * t N W f 4K O ,T ' 0 «
jet t  * 0  04  t v  r v c & ' , f ' 0 ’ - , o i c n ,> r ' ‘i ‘ rv r-O '-o  ▼-O'OC 0 4 *— r - iO ' r '- .* -» '-o o 'O h o O '4o 4 co  0 0 0 ^ 0 4  O'. —«*-• 'o o -  c o r ^  o r - . *
O  I t o  04- ^  ^ r» -« fO  * -1 *0 *^  r -4 »-* c -4 CJ*— C-4 04 * - ^ < * —1—^ 04 *^*-4 —4—4 Cvj ^ K ’ CJC'104tc
u .  1
_» 1 ii_j f r o  r -j o  CO <1 bi -r r o  04 *■
—* •— —<«-• I I I I I I I I
I I I  I I I  I I t
i r -4 c  c 4to  r o t o r o r : , r o r ? f ^ f < * r o i ‘* i < ; ic  r r i r o r o  ^  4r « r  T ' j T ^ r T ' T ^ r T ' T ’ r o n n  i " i u ' i i n l ' j  r ? - c  <' 'C  c  -o ^ ; 's D - c  o f ^
m  i
•«* i 
tf) i
co coin o- -oroorg - o l i o o *  •*■©  < & .  o*o*r-,>©toin©"HO'^-co*o b i  —• —i - c  o*o* ( n o *  i n © r > '0 '  * r  —4 *o m  o* O ' r i  r o  u i  o* 
©  ©  r*^ ^  ru ©  r** cc 4i"j r**b*XN *o o* co to ©o* in .-o r-4 ©  cm in *o ro *-< cn «o ©  ©  o* cc oo r>» o o r > *  *—co ro—• —* —• —4— 104*0 —* 0*04 -O (N-^- 04—* —»—*0401 0-4 C N lO 'O ^ ^ 'b l  lO O - 04 C-4—« *-<04 fs | 040* 04 O ' b i  ^ M  <T -r
u» i  0  * r c 4i n 0 . r-4^ r ©  0404 * r ©  'O c -4 0 * 0 *  c - i- h u i * * -  —» * T © 4r  o * o *  c-4—4 n © i n o *  ■ ' fu i < *1 0  *04-0c o © 04 —4i n o i  o c o m —* o**«r
j q  1 o -  © —«o«. © o .  o *  < ,  00 ©  co  *o  coo’  O ' © O s  * r r o  © c o  o *  o *  < © 0 1 0 . 0 0 - ^ 0 1  * - « r  m o *  O 'C o -c o c .c o o - 'O J —i o 4- -o c o c o o o « r
o  1 —104 —* 0 4 * 0 * - < c c o 4'0 —»<r r i —< 0 1 -4  cn  04 0 4 - 4 0 4 ^ - * 0 —i ^ u i  i n  O ' r -4 r - 4—. * - * —* —* m o ,  n c o i o ^ m  r o  ^ r
—i  1 o  ~ * © n  • - ‘ 'O ^ r s i  c o * o < ro 4  © r-4  - O b i  04—4 0 * 'c o r * b i  ^ “ r o  m —* ©  ^  04  m  - ^ - o  c o ^ -  m c o o * 'o u i ^ r  m —4©  —< C 4 inI | | l  1-4 I | I | —4*-H —* —4 —<—* I | I | I | I | —4~* | I I I | | |
1 ( 1  I I I I I I  I I
^  1 * - * —»*-^o4r-4© © © © © o o  o ©  ©  ©  —4—1—4—* — 1 —«—1 —4—1 —( —1 — <—«—4—1 —<—( —104 r -4 04 c n o i  r - i  01 r -4 r -4 r -4 r -4 r -4 r -4
04 r-4 r - i  04  r-4
x  1 i n  u i  i n  m  bT -o  "O *o  -o *©  *0  -O 'O  * o * o  * 0 * 0  *o  *-0*0 * o  *0  'O 'O  - o  'O - o - o - o  - o - o  - o - o  - o - c  * o - o  - o - o ^ - O 'O - O 'O - o  * 0 * 0
u .  1 i n m o - c o ^ - ' - ^ r O '^ c o o 'O J ^ - o ^ r a o ^ ^ r  o * G O 'O o i© o iO " C O 'f O 'O o io ) | s s r o a ' 0 ' —i o 4i n © ^ ’ in < > ' 'O o ^ b * J r ^ o i 'O O i f ^ o . r <5
W | — 4—* 0404~ « —4 -*-4^ h - * —* * - 4—* —<—**--4— <—i *-404*-«—4^ n 04—I —40404^ —4. ^ 04—4- < —*04—*04—*04c - 4 ^ 0 1
,H  1
t o  1
O ' © 0 * 1 0  0 )**- O ' o o m o < « r  00—1 © o *  **“ l i  b i« r  c o ro O J fo  L i © ' © —* o o c o c o ©  —4c o O '—4- ^ '—*-O co  - o o sK ) c o © in c o r >*  m c d  
o *  r * * o * ^ 0 '* o  -*r c o * r  c-4 m  0 *1 0  m  < .  o * o *  o *  u i  c o o 'O r v M © ^ * ^ -  —i« Q « o ro  1 0 0 0 * 0 *  v ic d c m c m  c o © co  —* co  rr> r-4 04  ^  o *  
—4 —*04 * r  04  • '* '—« 1 *-* —< r o c o r s : ^ — i 04o 4»-«oi —4 o 4o i * - * - *  —*—• —4
u» 1 M m ^ u i ® m o * « r  o - 'O '^ o u i c - i r o ^ ’ ©  0 * 0 * © O s ^ o * 0 * 0 * ^ 0 4 0 0  ©* 0 * 0 0 0 0 0 * ^ 1 0  O 'c o  ^ ' o . c o o i m —« c o ©  © b i o -  m  0 0 0 -
.0 1 o» © v i c o i ' i m o * - *  o m x k .  0 * 0  r - ’ o  u i  co  **■ o *  •^■—4 o *  01 ©  O ' r%‘ r o  t © ' C - ©  c o f iO ' r o  m  ©* * 0 1 0 0 0 0 *
o  1 —■—. 0 4 — . b i  ' - • m m  —* 04—, —* *-< —  — 4_  K » m —* ^ —* —4^ m o 4-»-‘ o i  m  . *-<01 — 1 —*cm —,
—4 1 *-< r o -* T ' 0 04 0 * * 0  i n —* © o j  m m  * - * O ' “O u i * - ‘ © 0 ) 04*-<—i c o ^ -  0 * c o o 04 —< ©  *-4 *0  u i ^ - m —t b i r * ' © 0 '0 * « r  * - , co  - * o *
1 1 1 1 ^  1 1 1 1 1 1 i | i  1 1 1 1 1 1 1 1 —4 1 1 t 1 1
i i i  1
I CO fo M n  T ^ r  b lb l L lu ib lb l b“>tO 'O'O 'O'O 'O 'O •OO'O'f'v 0*0* O'O* CO000000 CCOOO'-O-.COO'Cr* ©  © —4
*■* —» *— —4 ^  -4 —  «H —• —4 ^  —I *“ * —4 *-4 —4 —4 —I —: ^  —4 —» —I —, —• —4 —4 —* W  —I —4 —, —-  ^  ^  —I —| —  —, —- ^  —-  04 ^  r-4
X  I b i  b*> i n  i n  b l b l  b i  U I b i  10 b i  b i  b l i o  b i  b i  b i  b i  b i  b i  b l u i  b i  b i  b i  b i  b i  IO  b i  y i  b i  b i  b l b l  b i  b i  b i  u i  b i  lO  b l u i  b i  lO  b i  i n  b i  b i  b i  b i
u_ 1 r 4 o. ©  cj* —4f-o 0*0* Muio-ro M04 ©  ©  bi© ©t's o*r*s©«T *-4-hC-4© r-iuir-i'O ©O' ui 0- ro©o4ro ^t*o*0'—4-^ roco r-4 o-"0
cn 1 —i^nr-4 — —«—• *-*—* —«r%i *-4—4 r-4 r-4 * —* — —*r4 r-4—* —* —t r-4 r-4 —4 —4 *-< —< —* —* oi r-4—* —* —* r-4 *-« —4 *-» —r
t o  1
1 *-« r-4 o  M rs . b i n  c o * r  0 " - <  © n  co  * r  * -« c o c o u i 0 4 c o c m © '0 0 'M O ' 'C O 'O ^ c o  o * u i  0 * 0 * 0 4  o - * -< ©  *-»—t b io i O 'O . 'O b i  © ©
1 • o o * - c o  »-»—iO n - t  c c * b K * b i  © m  c o c o  © —4 > '0 '  'O a3C M O 'f^ ,r s i 'C 'C  —  4 t c o ©  r ^ r - i r v ' - o  c o c n O * ©  o * o ;h 0 4 r 'O o *  < * 0 *  'O s d
1© 1 —4 ^ r o <«--4T t - o —4 CN0 4 — < —• r - j  co  —• *-4r*. —4—i ^ r —*—4—* m * ^  —4 ^  n ^ u i r - i r - i  - ^ —*0 4 —* —*—< n —* —* r n o ' —1
u* i - t - l i M ' O  co*o b i  u i  t * o * o © ' 0 © h i 4) b i m r ^ - o  0 * ©  o * ^ -  * -» ©  —to *  04 o *  c k  m ©  o * o *  c o u i  o * r o  0 3 0 * 0 * —«r c < i  * o  o * r
.1: | CC —* r * * ©  X o *  11 u i  ' - • 'O 'C  o *  -C-O  T O N f O f ^ C O  0* 04^s’ ©  • > - © U 1*-4 0 *  T-^bl O* * r  CO^n * C ©  0* r -4* C M  ‘■'T*43 ©  O* ?^0 4
c i  —* o *  r -4 u i m  04 4—«—«r -4 04 *-« m —4 —' r -4 r-4—4 « ^ r v  —<o* —4 ^ i-^ h  — * r -4 * - ’ u i  -*-<04 u i ^ r *  —«—4—i M ^ o - ’ r o r c —*
o *  ©  o ©  © © © © © © © © © ©  —*—* r u r - i r v '04 1**04 r *1 r -4 r - J r -4 rv ’ r -4 r 4o 4f ^  0  r o  ho ^  n  m m
'• “* bi l “ bi t bi 1*1 IO bi bi bi ui l “ bi bi ui'n ui bi ui blui 11 bi ^  bi bi ui LI ui m  bi ("I bi bi bi VI bi bi UI blbl 11 bi bi bi M  bi m  ui
-■ 1 r - 4 ^ r o i ' * r  b i r o  « r M o r s  * o —* r * -r * .  u i o * © © o * - c r o m *0 ^ r - 4 o * o * ,^ * c o  r-Joo —' i n o c —* * - < c c r - 4 © r o O 'C o o c o c o r - 4
—' i  b i  ©  o *  —4 o * ©  o *  ©  — 0 *  -rr o * * r  cc  o -  n o * r *  < * r-4© * 0  ^ * 0  v i  co  0 0 *o  * 0  c c o *  < •  * 0  c o n  r - ' ©  o * - r  —4o *  < * o *  r *  n  ^ ©
«t* 1 o :  —* —» —* 01 m o *  o *  u i  ■•-‘■'‘-4 —• u i  r> iro  r -  ^  —1 r -4 01 —-  r :  u i  o  —*Csi —•*-« »-‘ n  ^hcm —* r-J r o  r o  r v  —*
-• 1
Ll. I
i t  1 * c  u i  r -4 r o  o io *  * o -* r  b i c o o * K i  c o o *  *~f *0  n o * - * r r *  u io o © c o  'O u io o - ^  b i ^ r  c o b i  *0 1 0  m —4 r s i—» n ©  O4o * o * b i  o * c m m ©  b i< r
. 1  1 r -4 < r © o *  © —4 *-H ro r - r * *  -r - o  —^< r O ' 01  o * r -4 < • *o  © r - i o o i  o i ^ r  o * o  T t h T v ^ f O - o N H  * c r o  04 —* © r * *  n o *  w  04 m ©
o  1 04 —* —4-h  —*04 r -4- o c o u i  '*-*'-4 'O  c J n r - . ' ^ ^ r - ' r o ^ ^ ^ - o  o *  r** ^  *—r o  —* —4 —^r<) —40-4 *-4-<r —i r - im o . ' - H  0 : —*
u .  1
_J I OH —*L1 0 )0 4  — 4 ©  f X l '  - O b l  *7 TJ  »r> -
^ ^ 4 —*^h — I 1 | | | | |
I I I I *
u: 1 o -o * o r * - ( * 0  N r*  f ' r-*r- r- r*o #* o o  r- :* r*. cocooood'.ccococo cococc'co fCfX*•.*: co o  o - tk o -o o * 0 ' 0 * i> o  r> o
b^ H b l w l  blbl bi LI L-L' U1L1 bi** bi l~‘ b H 1 u " ‘L" blbl bi Li b l b l b l H  bi M**. bi H  bl’-l Li Li bill blbl blbl blbl b'UI bi
u  i *o  co —♦ b i  n c \ i  0 0 0 * 1 0 0 * 0 )0 *  o - o q — • © u i m o *  oo b io o c o m c o © —4i n  0 * 0 *  co © c o c o  o *c o '* -  '© —i n  < i r i r - 4b i  r -4 « r  o
. i m  o * o -  c c o © * - « ^ ( h c c ^ f v N i r , ' O O s '< j | r t © * H C M ( N N Q ) M o o o o c o o - r o o o * 4 0 iia) i r ) b i in * H ^ - * C 'O c o ^ o - o s ( h r < c O
<o i —» —* —«r j  —• —4—4ro  —«r*4m  —» — i —i —ic n  —4*** —< —i n —* —4 —« —4—i — 4 - 4  —4 —t —< n  —i n  - 4 —i
o  1 
u_ 1
in  1 ©* * r  0 *  c o o b i m m c M m o m m m c o 'O O 'O 'C O ^ r ^ - m —4U if* s ir ) c > '0 - o m r v . * - « © o o m m o r - j ^ 'm c o r - J r * * c o m © ©  co o .
x 1 1 *0  04 o  o  u i - o  4r c 4n * < ic M > 'C O O io in o 4r \ ' O H © o  —'m m  c o o o o G o r jo *  4r m © c o  0 . 0 * 0 * 0 0  m o *  o  o * m o * r '*  o r - j o *
-  I — 4 —4 04 04 ’- ' —4—tf0 ^H04CM *-4*-4—1—40J —I CM —4^ * —% C M n —« -4 — 4 s— fO -H  —» — 4 —4— 4 — 4 ro  —tO i —4— 1
u .  t
—j  i —4 —• « m -li © o *  c o o .  o b i r i * ' * © —« m m  o © * r  c M c o 'O b i c m - * © —* m m —^ r o u i ^ m c M - * ©  i n  c o * © m c - j - * o  M - n * r  *01*1
I - I  I  | I  | I | I - 4—1-4 | I |  I  |  - * - *  I < I I I  I I I | t  I I I I I I
I I I I I
z  i o j  ( N r ' iC 4 M m n r i f o W r o m m m f o m m m 4r ^ 4r ^ 4r ^ , 4r ^ ^ ^ , i o i O i o i n i n i i ’) in in in i< * ) in * « ‘0 *0 ' < i ' O r N N r \ O N a )^  —4 —4 —i»H *4«14«H<HfH^ —4—*—4 —4 —4 —4 —4 —4 v4^ r4 —* r4^ 4 —H —4 —4—4 —4—4 ^4*H —4 —4 «4«Hv4 —4 —4 *4 —4 *H ^4 —»
X I  *© *© *©*0 * © '© * © '© * 0  « © * © '© * © '© * © '© * © ’© * © '© *© *© * © * © *© *©  *© *© *©  *© *© '©  » © '© *© '©  *© *0 '© ’© *©  O * ©  '© * © '© * © '© * © * ©
o  1 ©  m - r  o * r * * m * © 04c o M *© *© c D O *b ‘) C O © m o * © c o ’- ' c o O ' - ^ < ' © —* —4m c * :o o o * o * i j - ) L ir s*.0404C > 'u i< “ r '*  b i f * * ,,r  © o n ©
— 4 1 *0 © o* — 4 coo*cv«^o'0 fs*'0 —i'OrMO-*©cNn —<—•*© o**©© ©*^*©o*co^,©cMoc»bini'ic&bio«mmmo.© ^ m^a*
ro 1 —1 0 4  —4 01 m - ^ o j ^ o i m o a m ^ r - H o j C M o j m —l O i r o ^ m  —'M - m  n  c * —4C M -* - * m c M C M n c M n C M —4- * —» - * n r - J n —< -h
o  i 
u .  i
in  i  u i  m  t  O ' > o © * © c N ^ - r - j f o o i f o o * i r t —i o * ' O o * m o * o * o 4 m ^ O '  ' o a ^ M ^ m i n c o ^ - 4 0 *—4 ^ “ i n s^ ,* * * o  — b i
jCi  1 oc o--r © '© —mCKO'OCijimrc&'inorvrv©©—40*co^*©'rH‘©0'—40*uim—4mr>*'OM»- aO 'O i© u i© m iv*©m'©'©
z. 1 —4 —■ r* i r -4 c jc m  r * i  m  m  m  «*- - *  cm m  c j  m  ^  r * i  n  m  p*j m  m  n  o *  ^  m  —< -4  m  r * :  m  k ,  r - j  r o  r t  —. —4 - 4  r o  04 05 -4
U . I
« j  1 n  c-4- h ©  —ib io * * O b im i> * c o f> * ^ * —4 © —im * © ^ - 0 4 C 0 « © u i4o *-4
I t | - H - 4—» I I | I I - * - 4  I I I I I
I I I I I I
i x  1 co co co 00 co oc c o o * o * o * o * o * o * o * o * o * o * c k o * © © © © © © o  © o  © o © o  —4—4 —•—4—4-h  4- *  04 04 m  r*i r-J cm m
X  * '© '© '© '©  *©*© -0 *© » © '© '0 '© '© '© '© '© '© '0 '© * © '© '© - © '© * © '©  * 0 '© * © '0 * 0 '0 '© '0 v c r 0 * 0 '0 - © '0  * © * 0 * 0 '© * 0 - © '0 '0  < 1*0
0  1 co  o * o * r - 4—4^ rc > * ,^ , © c o f v .  i n  o * © m m m 0 ' 0 * ' 0 b i  © 0 4  m  rv * ^ *  0 * ©  o m ^ r  oe  m r s io » - < m  co • r 'O o * '0 <4r o * f o o *
— 4 1 co m*©i*?r<cv-4 4rin©o*©—;©©c\,fN'©©'<*inoo-r ^ ‘i>'iiicoO'4r<'4rcx>-4'©.'N,^ *foc**in^ *©r**© m^rr^-H^-o*^m 1 -4 moi^mcMc©r*4o40'—1—'04^-4—i-H-^f45m^-in©r>irjm —*cm—« —4-4 m^rMCM —4m *r —4 cm m n  r-j
o 1 -4
L i. 1
4n 1 m  r.,o-C0« io ,r o ,00'^4r-'b-)’-'0',rmHo©^rf'J’*4CM n o cm ^ 00. coco coo*-rr'Tv-oocm—«*o 0'©*r.:-r «f'**
Xi 1 m  Os oo* ^ r© coocc^'0*rs'—irv<jco*r Ho*-'*'ui ’-incc cox n-4Xo*couT«r© —■ -*oo*osTo* -^oro'C’rK
a « mmr*» uimo*m —4*0 —4 —4-4—*—4—i ncN4j-bi©mnm —104^ —4—• ro-rmr-J m  m n  —» —imcMCMnr*'
u. t —4
__j 1 ©  cr*co  o *  o b i  r o  r -  ©  m  4f  b i  o *  co b i  o j  co o *  b i  04 —' © —-' o j^ s -  b i  0 *0 0  o j © c o O " © 4j-  m  »-• —4r *  - r  o  ©  m * ©  co 0 *  m-
I I I I I I I —:-4— I | I | I | I —»-* I I I I I I —4*—• —4 I | I
I I I I I I I I IIX 1 bi VI UI LI blbl L lb lm tlb lL I  in'■O'O'O'O <■'©<’ *^3 'O'© 'C 'O 'C  *© <" *0'C *©<’0*0*t**r*. 0*0* o* O* o*M O* o* O'CO CO co co co
1  I ' © < ’ '© < •  •© < ' * © < , '0 ’C '© 'C * © '0 '© '© '© < ' * © < * '© '© '© - O '© '© '© '© '0 'C * © 'C '0 < , '0 * C * © 'C '© 'C ‘0 < , *0 < * © 'C  *© < • '© *< •
tn  i
—I I 
CO I
o  i  co  m  co  ©  - H n u i m © '© © © © b i ( > * o * o * m c o © 0 ' i ,i - ^ ' 0 ^ ' C  -*t M’ o o - c o m —a o . n c o o m r ' s b i  m o *  ©  m  —< —4 m  ©  a?—4 1 —4 o * r * i  < •  b ic M m o c c o b ib i r - 4 —4 00 0*0 '*’ m m O s m b i ^ ©  b i n o *  u i o *  ^ - * © o * m © * r > * c o o * " © m * © © © o * u i  o * r - j r ^ m o ­
re 1 — 4 —  — 1 , o j —4 r * i m ‘« r < » ‘' r b i c o © O s ’- ' —4 - - m  r * m —4^ * —* c \ ir * i  H ^ C H ^ r t o  —« m o * c D 4 r  —i n ^ m  -4 —* —4 —«- r  r * '
a  1 —'
u .  1
in 1 cm ©  co in o*bio*^ r bi©bi'©rocobi*©©bi© cco*^m o*4r*^  mo* ri©roo* 4rmmbi M-mn *0 v m n  onm©' —<bio> 
j o  1 m r v - H C O © * ^ “ * r > - c o o * o o O ', n ^ ‘ o * r M r 4m '© —» r o m r o m m i ' i c o i c ^ i ' i ' 0 © - ^ c o © © r o m ^ r © r « 4r j o * o o r ' j m © b i 4r b i  
o 1 —4—*—4 oj-4 0jm *r *o«rbico©o*’-4-H’-‘mr4 cm—*—4 -^mro —4 m  -r —4 r-j^r o*co«r-nnbi—4 —»cm-• —•-re*’
Lu 1 —•
_ j  » -o  co  —1 o * n —* © o *  c o 'O b i* « r  m —' © —« m m i - u i o o c o  o - r m  —« ©  o * a ? o * < , b i * r m c —4 0 - 4 0 . * f© 4r t i  o  o  o r  o  ■ u i  1 0 —4
-4—4—1—4—4 I | I I I | I —4 -4 —4 —4 —4 -4 —> | 1 I 1 t 1 1 1 1 4—<
t t 1 1 1 1 i 1 1 1 i i »
^  1 r - j  • r  j  n  m m i ' i m m m f ^ m m m i  * v n r * v * :  m t ‘* f i r ^ - T * T - 4r ’ r * T < r - r * T - r ^ r - ^ ' ’T ’T « r * r ’T * r ’ r ^ r ’U - r « r - r - T ^ r i i b i i - l
X 1 O <» •© •© <- O *0 0<*‘0-C <»<!<!<•. O C ' O O  <» '0*0 'C '0'0*c* *0 'C 0<I'0<| 'C'O-Cf© *0*0 O *0 <!*©'© <1*0 *0 'C o  *c o
—i v c - j M n o n ' O r \ c o n -  o * m m o *  —4*0 —« o  m o *  l i m n ^ - c D o o i n c o m c o  m t n n —1 —1©  —1^* i n c o O 'C o c o b im n  —< o  
^  t n o n © 0 0 0 0  b i ^ r  o o m o o c o — o - r  —«m  — i n  o * c o u i n c o n ' r r * m m  0 0 © u i  —* b i o  © «e —4 ^  i n ©  © © n o  0 —4 
—4 n  m ^ *  m - 4  —4—1 n m u i  — —«cm m m —•—1—« m —• m —T M  —« —«—< m n  —«—4 m - 4  —4 -4  —«m
ui * *0  t  n  m  ©  *0  m  * o c o o *  c k c o  c n l i  n m c o c o  —n n b i n © u i —» m c o m c o M - u i—4 *0  —» —4© .m ^ -  n o * o - 4r * 0 —4 © ^ - m * o
x» 1 'O  c 4N N O * © u i m  ^ ■ ^ ■ © t i t i c o ^ r x  N c c *  — t  • o r s  o * r * * n - 4c o u i x m  —«oo r**o *  ©  00 o * r**  — r v  * 4 « r ^ i n m o * < n  * < u i  
o  1 —* n  m m ^ m —i —*—1—» n m u i —<—t n u i c N —4—4 n m —• —« —* n —'  m  —«—• - 4 —1-4  m n  —» -4 m  h h h o j
- j  1 00 r*  ^ *n  mm ^ 01  t>*flo 'd ir  mm —*m ^ ■ © b i© 0 'fs 4 rn rj—© n  *ro* *0 © mm bio* 'Om^‘mC'i'©«rmoo*c
I I * I I • I I I I I | —I -4—4 I | I | « | -4 | I -4 I I | I | I -1-4 | |
1 1  1 1 1 1 1 1
2X  1 c k  o * o > o * 0 '& * 0 ' 0 '  © * o * © ©  © o o ©  o ©  o ©  o ©  —4—4 —4—4—1—4 —4 ^ —4—4 m m r ' i m < * u < N m n m n m n m n ^ ’^ r  f 4r
—4 —« —4—4 —♦ —4 —-I —• —4 —4—4 —4—4 —4—4 —4 —4 —4 —4 —4 —t —4—4 —4 —4 —4—4 *-4 —4 —4—4 —4—4 —4—4 —4—4 —4—4
X  i i n r * r ^ m f v r ^ r ^ > r > * r * * r * * r * - r * . f * * r * s  f*sr** r^mmr**. mr'st'-sr**r*sr**f** r**r**r*.f>*r**r,*.r*'r**r**.r**r*>.r,s*r**fN*rv
u. i co *©4rcomn—1 co ■•rcr* o*ui ^ *© com r**© vOco*<Jmr**r*.o*n -or**©®) ©-4or** •rmoor** M'co — M-m
n  1 - 4 -4  - 4- 4—1- ,  m —1 cm —1—• -4 —4m  —4—4 m m  —1—1- 4-4 -4 - 4-4 H H r j  -4 m m  m -4 —4- 4—4-4 - 4m m —4 m —t
-4 1
to  1
u  1 . r** n m  co c o n b i m  ^ 'm m r * *  © * c  * r m  * * - n  © ^  © c o  b i r * .  r * . o * o m © m ©  *0  r * r * - ©  o  0 * 0  —« ©  o * r * * m ©  m - 4 r**c o  ^ r -4
—* 1 n  © n m  r * l i 0 0 *0  r**r-* * m ©* c o m  n r * *  b io *  c o m  m n  r s* o * m « T n T * f * * .n o * O D  b im o * c o  m n  © n  c o n © ^ r  O n n ^ r  0 * * 0
eo 1 cm c o r n e r  n * r  —< —4 m  4»* * 0  - 4  m  t c n m - 4  —4 —* n —4f M n —*-4  m m —»—« m - 4 —*< -4 -4 * . i r - i m —1 tCM—<—» n
m  j © o * m c o © —n n i n n b i —4 0 * « * - m ©  c o o *  m o o  n * o m u i © —4< > * n b i© c o n  © n © n © 0 0 o * m r * * n * o c o m * o m r s , n m
X i  t r>*o&M “ © o o -4r o o m b i - 4 c v © © * o t i * c c c u i © r * * m n c o o * © m m  c c * c * o © © m ^ n * ’" ' - - « m y - c o n m —, o * m * c ^ - o s r *  
o  1 —« r** m m  n * r  —< m  m  m  r** m  « r  m  —, - 4—* m m m n —■—4 —»n < N —‘ cm m -4  —< -4 —»-4 m m  h W h ^ .
— j  1 ^ “ m m —4—* n b i * © ^ _n m c o ' O m ,r m © —4m ^ - b i * o o o o o © c o r >‘ b i © —4^ r u i 'O m t > * o o 'O b i^ ‘ m m —4—4m m u i m m —‘ o *
• I « I —4 -4 —4 | | | | | - 4 - -  | l |  -4 I | t | I f I | - 4 - 4 - 4 ~ 4  |
I I I 1 I I | I | I
^  » b i  b i b i m t i u m i n * o * o * o * o * o * o *0 * 0 * © * ©  -o *o *o *o *c * r*» r* * f> * r* * rN » rs*r> * r ,* r * *  r v c o c o c o  0 0 0 0 c o c o c o c o 00 c o o o © *o *o *& * t> *
x  1 m  m m r * *  r * r * . r * * r * *  r**.rv .f**rs*  r**r** t * * m  f**!**. M r * .  N r s  M r* *  M r * . r s* f * * f * * r * s M r* *  M m M  r *  M r-*. M r * *  m r * * M r * *  r * * r * r * * r * .  M r * .
u .  « ©  * o i ' *  - T '0 « r o * - r  ■ M 'o o o r**  n m * * - -4  c o ©  c o m ^ r ^ r  o - r v c o m c o r * . © © *  n & * * © c o  n r * *  n o * r * * o * o * © c o © ^ " m n c D
xn 1 m —4—4 - 4 - 4 - ^  - h —4 - 4 —4 - 4 —1-4 m -4  r  4 -4  ^ —4 - 4 —«-4 - 4 - 4 —4 - 4 —« m - 4 ^  - 4 —4 —4 - 4  h h c ^ h h
•*- 1 
i n  1
o  1 u i  m o o m * o c o r * * n  m - © c o ©  •« rm  m m  —<co © - ^  n o *  © n  o m i -i ©  m c o —< ©  * O n  —4 *o  'C t  * 0 0 0  M r * * M c o O M m m  ^ c o
- 4  1 c % * c o r* * m n * m —< b i c s o - m* co  t * * m © r v ^ —4 ^ r n  0 0 ©  r * ’ n r * < M r,>*(C>* i ic o < > * c o  m * o b i m ^ * f N  © c o  r * o * M 'm © m —'Cn. - - ©
A) 1 -4 -4 m n —*mM"-4 4-tn— *— 4 -4 r^m r**^- mm mm n m — 4 m —im m —«inN—iiMm—•n 'O n -*4 rn —4m m —'in
v  1
t i -  1
i t  1 m  - 4  ©* *0  b i  - 4  o  ©  n c o  co ©  b i r > . o * ©  © m m ©  ■ •ru i m u i  * c n  r** « r  r * * m  n  00  —' - 4 f * * m  —<00 r - ! * o  u i  o *  * 0  m n  c *  co  co  co
x  1 m  m ' . i o  n o * —' ©  n r *  m  -4  c o ©  0 * 0 0  —= n  — 4 m m  ^ n  i * o ^ - o * * c © m u i  m n * c n  * o * c  m ^ -  —' o * —'-m * —:-r — —:u i
o  1 —4 m m r :  m - 4 m  m n  m  ^  -4 m m  m ^ -  u i m  m m  m m c v  m m m m  ^ m f * *  —4 m u i  —4^-  * c - 4 —i ^ r  n - 4 C * * m —»tn
—’ 1 < * —4 ©  o *  co  • o  n  cm —* © —« m  n m - ^ n  m ©  c o f* *  b i « r  n —4© m n « r  o u i ^ r  m  0 * 0 0 * 0  n m —* ©  —' m n - r m —4© o * c a r r* *
— 4— 1 | I I I | I 4 —*-4 I | I | I | -4— :-4 I | I | I | I — -4—  | I |
I I I  I I I I I I l i t
1*2 1 m m mm mmmm mmmm mm m n  n n  n  n  n n  n  n  n n  ^  n  n  -r  ^  *r ,,r^ r * r  * r  *t«r <  t  ^ ^ t i r P b i  t i  ui t iu i
x  1
to © —*0 * *or>* * r m  ^ r > * m * o  ^ c o  m  u i  o * m  r** c o ©  n n  f n ^ f '  u i ©  00 n  n m  o *  00 c o m  u i  m  n c o r * * n o o r * . n c o  * o r r  
—• m  m -4 - 4 - 4 —* m  —* m  m —4 n m  —«-4  - 4  m  - n - ^ m —* —» m — 4 —< m —4—4 — ♦ —»—»—* - 4 —, —•« , 4 - 4 - 4 —4 —»m
©
- «  C  |
—'  I 
T? T  |
C  -• |
41 L*_ |
jzt u* 1 ©  t > * n c o n 4r c c b i © m c o b i f * * m © u i  * t q 5 c o © n 4»* —4- 4 < >*^-r**o*c>*—4f * * m c M 'O O ^ h  —‘ * o b i b i o * b i b i * o n o * b i c o c c ,*o
o  x -  1 n  - 4 * c ^ 4 0 * 0 * — r * * © —: ©  — n n u i  r * * u i c c c o  r— o  o * 4r  o * n c o —4 0 * * o n m  © c o — 4 * 0 —4 —< m u i o * —■■<>*P | s C n ? \ » t
u .  c  1 - - * - 4 — - h  ^ - 4 — - 4  —  —4—*-4 ^ r m —4-4 l i  « r  —4—< * * im n  m n n —4—i m —'m m  i n  ^ - 4  r * * m —4 —4— *—<
4 *  u_ |
©
r * ’ * o c c * r  —* -4 —‘ co —* m o c n  o c ©  —  r* . ^ r o *  c o c o  0 * * 0  —*o * M - n t i o * n r * * o c m  o * u i •> m  * 0 0 * o * r* *  m u i m —4 c c < r  —^ u ic m u i 
^ r ^ n c o c K — © o * * r  - 4  a ?4r r *  r** © * o  © n  m * r  r * * n x n n m  * o u ic c o *  m m *-4—4 © o *  o c n c K © c c ,© r * * c o ^ - * o m ,«T 
—'  - 4 - 4 - 4  —«-4 m  - 4 - 4 — - 4 n m m - 4 0 - 4  t  ^4  —< m n n  m n  m c , i  —4u i  m —i  —* u i  m - ^ n —4 - 4 - 4 —i- h
xn 1 
1
n  1
■ ©  • : . ©  ©  ©  © © ,
x  I o  '0 <.:*c * o * c * o * o  c * c  '0* o f s- f  r *  r *  r* r*  1*. f *  r *  r * .r - .  r * ^ r - r  * r *  f * r * . r *  r*  f * r ^ . r  r *  r ^ r - . f  * f** 4* r * * f * r *  r« * r * .r * - f* - i* .r* .
Ci i ©  ©  b i n  ( n ^ t o - m o - c o  m c m —*cn m ( N  — * ocn « r —4i n  o *< r  m  " o m  —• ©  ■‘O ^ r o *  u im  ^ c ^ ^ - o m —* m m  fv u ic o  u i u i m
r-4 I © *r ©CM OCKOCCOGGO CN O mCN CDn U11N*0 "O CM *0© M CO© CO ©CM n mn CNOO mCO IT-CO *0M*0* —4<N «r cncm^ 'cmm©
to i  —4 —«CM to - 4 — *** —«m  —i —<—i m m m  —i m  —* n  cm—* —<-4 -4  —< —i —« m —«—i —* —i h n
o  1 
u .  1
in  1 co  n 4^ -*0  o © o * b i o * c o M m u i —‘ M ^ u i —‘ M 'O b i ' O n M * —i n o o o ^ o * —» r* * o * * o rs* © —»so —*—4—• —• 'C m o o c M b i—
j o  1 -4 c r * ©  m c o - c c n o c m  '© M c o c M M m © © M M b i M r M in M b i m b i * o t N M © ~ H C O © < N n c Q - 4* o © ~ M c o * * ‘ o *C N M  h c n c n
-  1 —4 ^4 —< n  *4 * r  m m  —• —1 —1 m  m c j m  —'  m  —• cm —« cm—4 —4—< —< —1 —* - 4^ - 4 - 4 - 4 —» - 4 - 4 —4
u .  1
_ j  t cm © o * c o  m m d c n —«©■«<* b ic o  c N b i n —*CN m  b i n  m  —' n m - 4< n c o  m * o  m- n m —t i n  <»-—• u im * —4 m m ‘• O n m © * o  m - m —4—<
I t « I I t - 4- 4-4 1 l | l |  - 4 - 4 I  I t  I  I |  t  - 4- 4 -4 1  I , —4 I | I I I I
( I  I I I  I I  I I I  I
i<2 1 © ©©©©©©©©© ©©©»-*—»—4—1—4-4—4-4—1—4 mcMm m CMCMm mm m n n n n n n n ^^  r^^ *ui mm in—4 —4 - 4  —4 —4—4 —4 —4—4 —4 —4 —4—4—4 - 4 - 4 —4—4—4—4 —4 —4—4—* —4—4 - 4 —4—f —4—4 —4 - 4 —4 —4 —4 —4 - 4 —4 —4—4 —4 —4 —4 —4 —4 —4 —4 —4 —4
X I GO Cp GO CD 0000 00 OOCOCO 00 00 0000 COOO GO OOqo CO GO 00 00 OOCOOO CD 0000 00 GO GO 00 Cp GO 00 0000 CO OOCOOO CO 00 COOO 00 00 0000
c j 1 * o © n m m ^ c o ^ ' 0 ' O n b i o * M m C K © ' 4 r c o o ^ - * o - 4  0 * 4 r c o * o o * n o * © © o * M 'c o © o o o * m C M © n b i b i c r * 'O M ^ c o ^
—4 1 m  00 ©  m  < i ' ? c r < > n N N - ' ' 0 <r © f N> ( n ^ c j <r « r < ,© n r - j o *  n < \ ^ N < i n © M i i o © w K) 4r t f > r i ^ r > , ‘O N O ' 0 ‘0
ro 1 n  - 4 n —* n —« M -m  - 4 * r  n —' m m  m n - 4 - r  m m m  m  —* n m  m m —im  m —« —•—' —4 '^ —4—1 —4m  ««rm n - 4 —*
a  1 u. 1
m 1 - o  m  n * ^ © b i o * '0 ' 0 ' 0 'O M ^ r —4f g a * r * s . ^ r o s m m m c o © * o M —c M o o m m 'O —4O ' n n o * * ^ M b i © c 0 n b i © m N 0 b i
.0 1 co ^  ©  ©  n©o**^"nm©M 4O*n00nn<,nui© <*0*0 'Oo*©'cr**ui©mf>*ccoc‘nm*o^‘© ©  mN ©o.*on
j  1 u i  o * n m  - 4 & * c o M * o b i - r n m ©  — <*■ —4o c o « o ’r m o ^ N < r n o - M ' 0 » b i n m n < - m  u im - n  co m  b i ^ - n m  —* n b i
—4^ —> I I I I I I I I —4—4 - 4 l | l | l  — -4 I | I | I | -4—'-4 1 t 1 | 1 | 1
1 1 1 i l l  t 1 1 1 1
1 u i  b i  *0  *0  'O 'O 'O 'O 'O O  o ' O  * o < » s O 'O M r v . r * * M M M M M r * M m c o c o o o a 3c o o o c o c o c o o c c o & * c s a s C K o * o o '0*o *C K o*< > -
X I 00 CO CO 00 0000 00 000002*00 00 00X  0000 0000000000 0000 00 0000 co 00 c o c c  co  00 00 co 0000 CCiOO COCO c o c o  00 XCOOOOO OlQOCC
o  1 * 0  m u i m  m C K m ^ - r M -  o *  cm c o ^ "  m © n ,* r 4r —* c o m  co m " c r *c o *o  M i n n  © o * r s* n * o ©  0 * * 0 - 4 0 * * 0 ©  o * © b i o * o * M n m
—4 1 c c  b i  * o n  o * c n * * c c \ * x m  o * c o —4<>* 4^ -m  M - m u i c o © ^ ^  < '< " < , M m a *  * - < n ^ ' * - ' ^ ‘ m m  c o r** m - o * o * m  m m  i n o o M ^ u i M
»o 1 —* —* m —i m - 4 —< M --4—,-4  — n ^ m ^ m  m  —< n  m  m- i n  m  i n  m- —4 m  m m ^ o m m n  m
o 1 
u_ 1
u»i a* M-*om *obi*o©«rcc»©nmMmnco’- ‘b i—<mM*T—«ooMnt>sb in tn '< ,mn*occM©©MmM-*o'“'CmbicomTm 
jo 1 r** n  a? —: n -c  ■*r o*©© -4 0m'CM'0*oM4rcom©M'>- mM *o MTnM m cr*nno*rv © n -4 —•coi'icox n^Chi *c 0*—
o 1 —»—* W H fiH  u im m —•—i^m M m m *c n —*m—*m m ^ '-b im m n m -T ^ m m .^ —• m m ^ o r im n  00
a .  1
_i 1 m-ui-4: i  -rn m © o *M O ’- 'u ib i—4©co*ouiM -n©nbio*>*4rnm cor**oum m ©m M ‘ uT<,© © o*coM *o-rn r.j—♦
—i ’- :  —4’“ * | I | —1 - 4 —* | I | I | — 4 — '— 4 I | I | I | —4—'  I I I I I I | I
I I I I I I I I 1 * 1  I
1 * m  m m m c s ' m m m m m n n n n n n n n n n n n n ^ r  M - ^ r M - ^ T M - b i m n m b i i i m m m
X  » 00 CO CO X  CDXcO’XCDXCOCCOOCCcOXCDCCcOXCDOrCOXcoTcoXCOXOOTCOXCDXCDCCaiOCcoCCcoOrcoCCcOCrcD'X'
—* 0  1 co  r * n o *  M - < r o * o * o * x o * * * r  © m m ’- - o n m < , © ' C M n r i x * o M ' 4 r c c —4 T - M M o i * - T ' C M i n - o * o ' O M ' f ^ n ' O N X
—4 1 - o  * c n i  i  b i  ©  cn cn oc  *0  n  u i  o *  M  ©  a *  u i  l i  u i  m  cn  n  m  n  —* ©  a? n  L i  n  n  b i  —'  cn —, —* ©  ©  cn  b i n  ©  m  ©  n n < **0 to 1 m  -4 —* -4—' -4 m —4 —4—4 -4C*) hCnT^h^ht- -4^ -4—« m u i  n n n m m ^  —i m ^ m n —* m ^ m —4 —4m —•
c  o  1
to u_ t
m
.Zt m  1 cn 00 n  b i  ©  *0  u i  M- u i  r * b i < '  M" —* m* r ;  * 0  u i  m" c»* n  oc u i  m  co  n  cn  M* * r  o *  m  o *m -  n  ©  o *  u i  m  —4 co —4 cn u i  cn n  m  m  —• m  ©o ja  1 -4 Lim M  m*m-40*M't'.*m©uii'icoli*o'Cco —' -r  —<—* n - r n *0 nmo-*m*-cm —:t © c n c n m —*m *on'a-cNmnMrnM-
u. a  1 m m —4—*— -4 mm —4—* —<m -4m-4—*—»—t-4—<-4 — —*—* -4cvui n n n m m —• m -T m n m m n m  —«-4m—»
+ * u .  1 
©
w  j  1 bi m  — -r  n r i —'MM. «r n —* © —1 n * o n m —- M n  —<t n i c -c i o  ©  r-'co**;i M*r -© 4r *oco M -o*r ■< © cncdm  ^ - n ©  ->r-4r«-'
O I I I  --4-4 | | I | I I I I I f I I | I , i I f I I ->m^H«4- -  I I I I I
I I I  I I I I t I I
m XL 1 -r M-T M" uillb lllb lll b“‘b1 blllbl *;,-0<,-Ot>*0 I> © © o© © ©00-0 © o© ©—-4—'-4—4—4—' —« — —.— — 4 —-4-^
f - M  M M M M  T- I *  : * I -M .M  »*.{•. M .M .M  M .t ! * f *. 1 - M M  M  CO CO» O 00 CO CO CO CD L0 LOCO COCO COCO CO CO CCCO CO CD CO CO
m i 
JO | 
o  I
U. |
f 1
C  I 
U . I
ui ui *o*o *or«. r*NCPCCn>‘0‘nn i‘)W<r< t  ui ui ui oo -oo mm mcdo 
CO oo COOO CD CO CO CO COOO OO CO 0*0*0* <N 0-0- O'CnO-O'O'O' iMNCt'Cr CNOO*
BIS ( TETRA-N-ETHYLAMMONIUM) TETRA (THIOCYANATG)- 
CHROMATE(II) ETHANOLATE
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(ZtZKJ
H K L /FG/ /FC/ PHASE H K L0
/F0/ 
93.4 
26A. 5
/FC/ 
67. 1 
277.9
PHASE • 'A
Cj
- 1 0
1 0 2 . 0
79A.4
103. 1 
781.0
2.4
0. 9
0
A
A 1.3 k
4 A -4 35.3 24. 0 -15. 4 1 - 1 57.3 A. 2 ?y.i 5
3 -9 24.4 7.3 -55. 4 5 5 “ 2 165.9 151.9 2 . 0 I
10 2 —2 159.5 150. A 2.9 2 A. - 1 290. 2 298.0 -173.5 ■•**
7 3 -3 309. A 312.4 -173.4 7 3 -4 S9.3 84.6 176.5 ■H"
1 7 —2 15. 1 7. A -42.2 0 4 -7 235. 1 234.2 -178.1
7 5 -3 319.4 312.4 -173.4 1 1 -9 92.3 34.4 3.3 R
3 1 - 1 0 140.9 132.0 0.3 1 —8 163. 1 161.6 1 . 6
3 5 -7 227. 5 213.9 -177.9 9 1 - 2 46.3 105.9 0 . 8
6 6 0 19S.S 2 0 2 . 0 -173.9 A 4 -4 31. 1 41.3 1 0 . 0
2 2 - 1 0 17A.2 1A7.9 2. A 2 A. - 2 129.7 126.3 179.2 h
3 4 -4 203 • 3 202:. 9 2. 3
y 1 -A 15.0 9.2 7.7
t10 0 -4 410. 1 394. 1 1. A 4 4 -A 9. 9 19.8 -154.0 %6 A - 1 253. S 253. 3 -173.4 0 A. - 3 105.3 117.3 3. 9 S
0 6 - 6 43A. 7 423.9 0 . 3 3 2 -4 326.3 298. 2 -177.8 #
7 1 _g 138.0 134.8 -179.5 5 —3 185. 1 132. 2 -1.5 IV
4 4 -s 242. A 247.9 1.3 2 4 -7 362. 1 360.5 -173.A a|
9 2: -4 133. 7 12 A . 3 2. A 3 5 -5 101.4 103.5 176.8
5 3 -A 319. 8 310. A 1. 1 4 2 "3 321.3 276.5 -177.8
3; 7 0 417. A 393. 1 1.3 9 1 - 2: 2 0 . 0 13.7 -147.1
10 2 -3 S3. 3 57. 4 3. 5 2 A 3 291. 1 291 . 7 2 . 0
3 7 - 1 101.3 91.3 -177.5 5 1 -3 150.3 136. 2 -179.3
0 4 -9 105. 1 95. 2 178. A 1 5 - 6 214.9 196.6 1.7 '&
1 7 -3 105. A 1 0 2 . 0 1 .A 3 1 -9 26. 5 10.5 135.6 S4 0 - 1 0 549. A 53A. 9 -173.7 7 2: ■ 5 346.6 338.2 -178.4
7 3 -7 450. 7 447. 1 1. 5 3 3 -3 45.S 45. 9 5,0 . >{-
6 6 - 2 95.2 93. 5 178.3 A 2 -7 340.3 362. A 0. 7 >Y
9 1 —A 73.9 73. A 1. 1 3 3 -7 233. 6 295.5 1 . 6
7 5 -4 3A7.S 343. 9 -178.9 4 A 0 331.4 371.7 -173.9 $
2 A -A 215.3 20A. A 179.3 •“»X. 2 -9 54.0 50.5 —2 .3
4 A -5 29. 5 30.8 -7. 2 0 A -4 509. 9 500. 4 -179.2 r/;.
3 7 - 2 42.0 39. 4 -A. A 4 A - 1 111.4 1 1 0 . 0 -177.0 # >-7
6 4 -7 12S.9 112. A -17A.2 5 5 -4 65.9 74.9 -173.3 \Yr
1 5 — o 102. 5 109.9 -177.0 A 4 —5 201.9 203.4 1.2
2 4 -9 32.0 34. 1 5.9 8 2 -5 70/ • O 32.6 -173.6
11 1 0 110. A 1 AO. 3 -179.4 8 4 0 565. 3 566. A 0. 9
3 o -7 47.3 22. 7 9. 1 1 -4 297. 3 276.0 -179.5 Vff
1 3 -10 197. 9 197.3 -173.A 4 A -2 36.0 40. 3 8.0
11 1 -1 523. 3 50t. 7 1.3 10 0 0 732.2 778.8 0. 9
A A -3 171 .A 175.7 9.0 2 6 -4 115.8 117.9 -1.5
3 4 -3 A3. 4 72. 0 177.3 3 4 -1 115.3 106. 7 2.6 :•*■
10 2 -4 319. 0 304. 4 -173.1 9 3 0 596.3 Ju'd • Z 0.6
1 7 -4 229. A 225. 4 2 9 y 0 -A 281.5 277.0 -173.1
9 3 -3 102. 5 93. 0 -2. 1 0 4 —8 755.6 750.4 0.7
i ‘
3 7 _3 44.9 17.3 1 AA. 8 3 5* -A 44.4 53.4 5. 7
1 1 1 -2 55. 9 39 Q 1. 3 7 1 -7 701.7 690.0 -178.3 : X
.1 1 -1 1 420. 9 407. A -173.A : 4 4 -7 332.3 336. 1 -173.8
4 2 -10 331 .A 329. A 1. 9 6 - 0 -3 1 oo • V 172.2 2.6
/. 2 -9 39.3 50. A -2. 2 •7 3 -1 30.2 102.3 -177.5
5 3 -9 A3. 8 AA. 5 -3. 1 0 0 -10 766.9 778.5 -179.0
3 0 -S 352.0 332. 7 1.5 3 4 -2 30. 1 85.9 -176.0
7 *r -3 239. 7 230. 7 1 . A 1 10 0 -2 2A9.3 273.3 -178.2
3 l -10 35. 7 59. 1 1.7 1 3 -9 121.3 113.5 -177.6
0 A -7 350. 8 351. A 1 . 3 / 5 0 602. 3 582. 9 -179.2
3 3 -3 193. 2 183. 0 ■ 173.3 9 -2 84.3 81.6 —2 • 3
3 5 -7 129.3 115.1 -177.A 4 A -3 103.2 106.2 4. 1
3 3 -1 0 173.3 173. 3 -173.5 2 4 -8 192. 7 175.3 173.5
A A -4 32. 9 72. A -177.1 7 5 -1 420. A 413. 4 1. 1
11 1 -3 338. A 37 A. 1 -173.1 0 A —5 114.3 9 9 . 4 -2. 2
4 A -A 219.9 199. A 1.5 7 3 -A 161.9 142. 1 -173.7
0 2 -11 A 4.3 AS. 7 —5 31.7 30.8 5. 2:
3 7 0 429. 1 41 A. 3 1 . 3 1 1 -10 90. 4 105. 4 1. 0
9 1 -7 159.0 1A5.A -177.3 1 5 -7 354. 3 ;t; ;7; y ^ £ -173.9
7; 7 -4 1AA.5 154.2 2. 9 2 0 -10 237. 7 244.6 -173.0
2 6 -7 314.9 311.4 1 . 7 4 2 -,r- 2. 9 4.3 -18.7
7 1 -9 201.3 201. 7 2.3 A 4 -A 214.9 201.4 -178.5
1 0 2 -3 37.5 35. 0 -17A.4 7 '1 -2 232. 9 216. 5 179.0
3 7 -1 33.5 20.0 -4. 1 3 4 -3 114.5 116.2 -177.0
4 4 —9 34.8 89. 1 173. 4 10 2 0 604.8 532:. 2 -173.9
7 3 -3 20. 7 A. 5 31 . 0 9 1 -5 127.9 116.0 173.0
.t 7 -3 SA. 0 8A. 0 -173.4 2 A. - 5 121. 1 108. 3 -177.0
10 4 0 432. 5 471 . 7 1. O 1 7 0 530.9 537.5 1. 1
3 1 -11 305. 8 297. 0 -177.3 10 2 -1 92. 3 84. A -173.0
9 5 0 109. 3 107. A -175.A 3 2 -A 253. 2: 240. 9 2. 0
3 4 -A 133. 3 191. A -173.2 9 -3 102. 1 91.8 176.3
10 4 -1 129. 7 115.9 2. 4 5 1 -9 1 14. 9 107. A 177.3
1 0 0 -A 300. 4 302. A -173.4 1 "7 -1 136.4 133. 4 -173.9
r' 5 -1 1 7. A 11.3 1 A 5.. 9 A 2 - 8: 139.9 133. 2 -177.3
t;\ ■k if;M
H K L /F0/ /FC/ PHASE
1 1 0 293.3 273.6 -179.3
1' 0 0 "7cr 93. 2 172.2
0 0 -2 121.3 163.5 -4.6
1 1 -1 713. 4 716.4 0 .9
1 1 -2 454.3 426.9 0 . 2
2 0 -2 434.6 433. 1 '--179.5
0 2 0 474.6 528.4 -177.7
0 2 -1 79.3 56.2 -176.9
3 1 0 517. 4 662.7 -179.7
3 1 -1 294.5 252.4 3. 2
1 1 — 2: 347.9 305. 1 -177.3
2 2 0 1231.1 1333.1 -179.5
0 2 --2 13S7.5 1479.3 0.5
■y 2 -1 49. 4 34.3 -172.7
3 1 - 2 33.3 19.5 177.0
4 0 0 1457.8 1545.4 0 . 8
0 0 -4 1362.3 1461.2 0.3
2 2 — 2 1261.5 1299.0 179.3
0 2 -3 146. 1 136. 7 173. 1
X 1 -4 427.5 395. 7 - 179.6
f, 0 -2 1.51.6 1 2 1 . 6 -174.3
2 ■■4 7 0.3 27.9 23.9
1 --3 473.9 455. 9 - 177.3
1 0 329. 9 302. 4 0 . 6
I 3 -1 535.0 489. 4 -178.9
2 2 3 2 >6 6 .2 2 64.9 1 . 2
4 2 0 1431.3 1492.6 -179.3
3 -2 221. 4 200. 5 - 1.0
2 -4 1551.0 1550.1 -179.3
4 2 -1 53. 5 37. 9 -175.5
2 1 0 336. 4 335. 5 -179.8
1 -4 497. 9 475.0 -179.7
2 1 - 1 37. 6 76. 4 5. 6
i I
0 434. 6
69. 5
432. 0 
59. 1
0 .9
4 2 -2 53. 1 1 9. 3 35. 1
3 0 509. 6 432. 0 0 .9
2 2 -4 24. 7 13. 0 50. 4
3 3 •1 593. 1 579. 9 ■173.8
1 2; ■ 3 640. 0 624.6 1 . 1
5 1 •2 199. 1 137. 4 0. 4
:!
0 1422.5 1357.7 
1 2 0 . 6
0 . 8  
-1.4
4 2 •3 170. 3 133.3 178.7
0 2 -5 163.6 143. 7 -0 . 6
o 4 0 1721.3 1340.5 0 .5
■;• 0 0 1331.3 1357.5 0 .6
5 1 - 3 297. 7 282.6 -2 . 1
0 4 -1 ,65.2 61.7 4.3
3 1 -5 335. 0 316.3 178.2
0 0 -6 1454.3 1463.3 -179.4
1 3 -4 2 0 0 . 1 194.5 2 . 2
3 3 -3 213. 4 225. 1 176.5
2 2 -5 133. 2 123.9 -1.3
2 4 0 494. 5 466. 1 1 .0
/) 4 -2 739. 0 TOC- "• -179.2
6 0 -2 2 2 .3 33. 0 -9. 2
1 1 -6 141. 9 156. 7 0 . 6
2 4 -1 379. 0 364.5 1 . 1
2 0 -6 41.7 10. 5 -142.0
4 2 -4 91 . 1 63. 4 -14.9
2 4 -2 410. 3 372.2 -0. 4
5 1 -4 246. 1 203. 5 -0. 7
i”t 4 -3 199. 3 190. 9 -177.8
6 2 0 549. 2 512.2 -173.7
5 3 0 290. 7 2 7 4 . 6 1. 7
2 3 -4 3 5 - 9 30.9 12. 3
2 -1 109. 5 94.5 -177.7
o 2 -6 642.6 630. 5 1.2
5 3 -1 93.5 94. 6 -3. 7
1 2: -5 17. 9 13.8 - 19. 0
3 I - 6 29. 4 50. 4 1 . 7
2 4 -3 190. 9 166.3 -176.8
■J. 2 -2 243. 1 214. 4 178.5
5 3 -2 139. 2 163.2 -1.4
2 2 -6 217.4 207.0 178.4
4 2 -j 137.6 156.5 -179.4
7 1 0 169. 9 200.7 -179.3
4 4 0 529. 1 556. 0 1. 4
H K L /FO/ /FC/ PHASE
0 4 -4 579. 7 605.0 1.3
— 1 -1 800.6 762.4 1 . 1
6 0 -4 174. 1 153.7 4.3
4 4 -1 -7*t; O 47.0 6 . 2
5 1 -5 223. 8 199.6 173.6
4 u -6 214.9 190. 6 -176.2
1 1 -7 767.8 737.7 -173.9
A, 2 -3 232.8 275.3 1.0
5 3 -3 231.5 239. 4 2 . 0
3 8: -5 247.3 267.3 -173.2
7 1 - 2 69.6 65.7 0 . 8
4 4 -2 183.3 186.0 -177.3
2 4 -4 7.8 3 3 54.8
1 5 0 760.2 744.4 -179.2
1 5 -1 431.5 413. 1 0 . 8
1 3 -6 1 2 1 . 8 125. 1 -178.0
0 2 -7 213.7 1 9 9 . 0 1.4
7 1 -3 643.2 621.4 - 173.5
1 5 -2 39. 4 45. 1 6 . 1
4 4 -3 165.0 179.3 -177. 7
0 4 — 5 93. 9 111.9 178.5
6 2 -4 4 ^ 5 • 5 384.6 -178.5
5 3 -4 628.5 585. 1 0.7
1 _7 635. 2 622. 5 ■ 173.5
4 2 — 6 602.2 577.8 1 . 1
1- *-
0
320. 4 
1035.6
294.6 
1013.1
1 . 1
5 1 -6 303. 1 292. 2 0. 3
3 5 0 650. 9 653. 7 --179. 1
2 4 -5 44. 7 tr-7 A- 4. 7
3 5 -1 1 19.3 116.4 3. 9
1 5 ~3 150. 5 136. 2 - 177.0
0 0 3 932. 2 925. 7 0 . 8
-6 198.5 167.8 178.7
7 1 -4 1 94. 6 213. 1 - 179.5
4 4 -4 637.7 620. 3 1 . 1
8 0 - 2 210. 3 214.5 177. 7
3 5 -2 3 8 . 9 63.7 176.2
7 3 0 2 3 4 . 4 235. 4 1.5
1 1 -8 8 9 . 5 103.3 -179.1
2 0 --8 105. 1 109.8 3. 7
7 3 1 6 5 2 . 0 • 640. 7 178.9
6 5 233. 2 262. 2 -0 . 6
5 3 -5 428. 1 440. 4 -0. 5
1 3 •7 633. 4 616.2 1 . 0
6 4 0 576.3 551.5 0 . 9
6. 4 -1 228. 4 219.2 1.7
0 4 - 6 673.5 668.3 -179.2
8 2 0 633.9 679.6 -173.9
1 3 -4 426.8 407. 2 -178.7
7 3 -2 55. 6 43. 5 -176.5
A, 0 -6 408.6 398. 5 -178.9
3 5 -3 376.9 375.6 -178.7
8 2 -1 133.0 1 1 0 . 6 -178.5
0 2 — 8 572.6 558. 9 - 178.8
4 2 -7 8 . 0 2 8 . 3 171. 1
6 4 -2 31.4 35. 7 -172.7
2 4 -6 71. 1 79. 0 -176.9
7 1 -5 317.8 300.0 2 . 1
8 2 - 2 50. 6 60. 1 7.6
3 1 -8 27. 3 5 4 .8 -173.4
4 4 -5 293. 5 3 03.3 179. 4
•5 1 -7 271. 5 -177.7
7 3 —3 447. 1 437. 1 1.8
2 2 — 3 23. 7 36.2 -169.3
3 3 -7 377.2 367. 9 2 . 0
0 6. 0 654.9 647. 7 -179.3
5 5 0 669. 0 664. 3 -179.1
3 0 -4 459. 1 462. 1 1.6
6 4 -.3 76. 6 6 6 . 2 -173.1
3 5 ...4 362.6 341. 4 -178.6
0 6 - 1 189.0 172.3 ■ 178.0
5 5 1 133.6 124. 9 1.7
4 0 -8 312. 0 328.8 2 . 1
6 2 -6 5 4 . 8 59. 5 173. 2
5 3 -6 114.8 104.3 -2. 5
8 2 -3 14. 4 11.4 161.2
1 5 -5 216.4 197. 6 •1.3
9 1 0 8 6 . 9 55. 9 -177.4
&
t'
$I
i
H K L /F0/ /FC/ PHASE H K L /F0/ /FC/ PHASE
6 4 -3 92. 7 95. 1 3. 1 1 Cj - 1 0 273. 1 280. 7 1. 3
2 -> - 1 1 167. 9 155.7 1.4 5 7 -5 9.6 21.3 • 176.4
5 7 - 2 35.0 40.3 -7.8 ■3 1 - 1 2 26.5 7.4 -5.7
9 3 - 6 106.3 116.7 -178.0 5 7 -5 3.6 21.3 -176.4
0 4 - 1 0 277.4 262.6 -173.1 0 4 - 1 1 225.8 233.7 -178.7
g o -3 150.0 147.9 177.0 1 7 -7 78.0 66.5 2 . 1
6 0 - 1 0 305.9 315.6 -178.5 8 6 -4 S3. 0 85. 8 -177.2
10 4 - 2 152.7 158. 6 -177.8 1 1 1 - 6 52.2 37.3 178.5
11 1 -4 32.6 5. 1 -15.9 12 0 -4 38 4 41. 1 1 0 . 2
10 4 - 2 154. 1 158.6* -177.8 2 2 - 1 2 141.6 134.2 -1.5
1 5 -9 92. 9 73. 1 /.t 10 4 -5 17.3 6 . 6 34.8
9 5 - 2 332. 3 323. 5 0. 9 7 7 _o 93 . 8 91. 1 -177.5
1 1 3 0 41.4 23 . 3 10. 3 4 6 - 8 61. 7 72.0 -176.3
7 5 -A 47.3 53. 0 4.4 12 2 -3 58.7 79.6 2 . 1
6 6 - 5 ' 45.2 63.3 -175.4 9 5 -5 46. 9 47.3 177.3
0 8 0 247. 1 260.9 0 . 6 2 0 -4 157. 1 165.5 179. 9
11 3 - 1 331.3 375. 4 -178.5 0 6 _ 9 26.8 38. 3 -4.5
2 4 - 1 0 217.2 215. 1 -173.6 S 5 -9 19.8 22. 5 173.4
5 7 -3 51. 4 64. 2 178.6 2 4 - 1 1 175.0 176.7 - 178.0
0 8 - 1 54. 6 73. 7 3. 8 g 4 --g 173.7 155.7 2 . 1
3 7 --5 19. 4 3. 7 -67. 1 10 0 —8 283.6 280. 1 1 . 6
s A 0 71.6 59.7 -175.6 6 /. -7 287.6 293. 0 1. 5
12 0 0 299.7 299.5 1.5 9 1 -9 26.5 19. 3 168.8
10 4 — 3 109.6 122.3 -177.3 1 1 ;t; -5 248.6 248. 4 -178.2
3 6 - 1 129.6 129. 1 -177.6 9 3 -3 257.2 233.4 1 . 0
1. 1 3 - 2 14.0 6.3 -157.8 7 1 --O 182.2 195. 6 1. 2
1 3 - 1 1 312. 0 297.6 1.6 0 - 1 0 276. 4 275. 0 -178.2
9 5 —3 63.0 65. 8 -177.0 4 a -3 7.4 9 . 9 O
0 / -3 19.0 13.4 -157.0 2 /_ -9 53.7 62. 0 -176 . 1
2 S 0 102.3 113.7 180.0 3 5 - 1 0 162.8 166. 2 2 . 0
10 2 - A 260.7 261.9 1.7 3 7 -7 125. 5 133.0 1. 4
0 8 _ 2 203. 5 194.0 -179.1 1 3 - 1 2 10. 7 10.9 168. 5
4 6 -7 222. 3 2 2 ,q 1.9 12 2 -4 36.3 33. 4 -168.8
5 5 _o 144.6 145.5 -177.7 6 2 - 1 1 32. 9 30. 2 2 . 8
1 7 - 6 131. 0 133.0 -177.5 5 3 - 1 1 145.0 129.8 2 . 8
2 8 - 1 2 0 1 . 6 193.3 2 . 1 8 6 -5 23. 4 20. 4 -168.5
6 2 - 1 0 253. 3 245.3 1.3 7 5 - 8 63.6 61.2 -175.S
3 5 - 9 116.2 1 1 2 . 0 2. 4 5 7 - 6 74.0 65.6 -174.9
5 3 - 1 0 2 0 2 . 3 193.4 -178.7 13 1 0 142.4 133.3 -179.3
8 A - 2 75. 1 81.2 2 . 6 o 8 -5 2 0 . 1 26.0 11.4
12 0 - 2 97.5 85. 4 -3. 6 7 3 - 1 0 186.5 191.3 -17S.9
0 0 - 1 2 131.6 151 . 1 2 . 6 13 1 - 1 22. 4 28. 1 169.2
11 1 -5 276.5 264.9 2 . 0 10 4 - 6 179.9 183.3 -178.2
9 1 - 8 196. 9 164. 7 -0. 5 4 o - 1 2 13.0 16.8 -20.3
4 2 - 1 1 103.4 101.5 1 . 8 9 5 - 6 150.5 147.2 2 . 1
2 A - 8 132.7 1 19. 0 -178.9 1 1 1 -7 428.2 426.3 -178.5
9 4 -7 254. 6 261. 1 -178.7 7 7 -4 24. 1 28. 6 1 2 . 6
2 8 - 2 63. 6 53. 7 -0 . 6 4 g -4 93. 4 105.0 1 . 1
!S 7 -4 319. 2 310.0 1. 5 6 4 - 1 0 172.8 178.0 -178.3
1 1 3 —3 320. 1 330.6 1..7 10 2 -3 205. 1 139. 9 -177.8
0 3 -3 78. 9 78. 7 -175.2 13 1 - 2 8 . 5 33. 7 2 . 2
9 3 -7 135.8 179. 1 1.9 5 1 - 1 2 63. 1 60. 5 -0 . 8
1 1 - 1 2 9. 1 2 .0 -157.2 1 7 - 8 159. 5 157.6 2 . 0
5 1 - 1 1 ' 209.8 2 1 0 . 1 -177.8 7 1 - 1 1 363. 8 359.3 -178.4
10 4 -4 252.3 247.0 1.7 8 2 - 1 0 301.8 ■ocj o c* 1 . 6
2 0 - 1 2 154.3 143.2 178.5 4 4 - 1 1 114.6 110.5 -177.3
7 3 -9 233. 3 231.3 -178.3 11 5 0 395. 4 339.9 -179.2
9 5 -4 212. 9 222. 9 -178.1 3 3 - 1 2 27.0 26. 9 175. 7
6 /, - A 39. 0 43. 1 3. 5 1 1 -13 17.8 5. 9 70. 2
12 2 0 130.4 173.3 -177.6 11 5 - 1 304. 4 306. 1 1 . 2
8 —3 157.6 165. 9 2 . 3 6 0 0 6 8 . 0 75. 9 1 79. 5
3 3 - 1 1 249. 5 263. 6 1 .9 1 1 3 -A 71. 3 76 6 -178.0
12 2 - 1 64. 7 49. 1 -177.0 12 2 -5 0 . '2 31.9 -3. 6
7 1 - 1 0 84. 1 70.8 178.9 6 8 -1 103. 3 1 13. 0 3. 1
4 4 -10 243.6 236. 2 -178.1 0 8 -6 61. 1 62.3 -177.7
g 7 -6 144.4 133. 1 -177.7 4 6 -9 55. 7 55.9 -3. 2
6 4 -9 42.8 47. 4 4.1 12 4 0 79. 1 83. 2 3. 4
7 5 _“7 355.9 344. 5 - 178.8 10 6 0 169. 1 163. 4 -178.4
2 3 —3 180. 0 194. 2 -177.6 1 1 5 -2 147. 6 136. 8 178.6
8 2 9 40. 1 42. 9 - 177.9 12 4 - 1 87. 9 91.6 2. 7
1 2 2 -2 96 . 0 89. 1 1 76 . 9 13 1 -3 114. 8 115.1 -3. 0
0 2 -12 184. 9 170. 2 -3 77.8 1 9 0 264 . 5 259. 4 -178.4
1 1 -4 58 , 4 55. 1 3 . 8 g 6 -6 15. 4 21 . 4 9. 47 ~7 0 125.4 133. 3 3 . 0 10 6 - 1 163. 9 J 62.6 - 178. 1
4 3 0 52:. 0 53 . 3 2 . 3 1 5 - 1 1 215. 5 209. 1 -178.6
0 3 -4 162. 6 162. 5 0 . 9 12 0 -6 103. 7 1 16.7 -177.2
7 7 -1 .158. 9 156. 4 -178.5 1 9 - 1 87 8 71.9 0. 2
4 3 -1 89.3 100. 4 2. 9 A 6 -8 20. 8 13.2 -167.6
1 '•) 113. 6 107.5 1 . 7 6 94. 8 99. 1 -179.3
&H K L /FO/ /FC/ PHASE H K L /FO/ /FC/ PHASE
0 6. - 1 0 457.7 454. 4 0 . 6 0 0 -14 403. 6 393. 2 -173.6
3 4 -9 CJp p 43. 3 176. 4 1 1 5 -5 132.9 133. 1 1. 7
2 3 -6 43.7 39. 9 -179.2 5 -8 103. 6 110.3 -177.4
7 7 -5 75.0 73.3 -177.2 3 4 - 1 0 142.6 151.4 -177.9
5 5 - 1 0 133.5 191.2 1 . 0 10 0 - 10 251.8 267.7 -173.3
12 4 - 2 28. 0 26.9 - 7 .6 3 3 -13 47. 5 64.9 -4.7
3 7 -s 10.3 15. 4 1 9. A 12 2 -7 93. 7 109. 4 1. 4
4 3 18.7 34. 3 /. O A 3 -5 12.4 10. 9 154.5
12 4 - 2 34. 5 26. 9 -7.6 9 3 - 1 0 19.4 25. 2 -171.2
0 4 - 1 2 199.9 2 0 1 .9 1 . 4 0 A -11 113.2 134.6 2 . 5
4 3 -5 13. 4 34. 3 /-. 5 9 0 240. 2 243.5 -173.4
10 6 — 2 1 12. 9 109. 9 1 . 9 1 S - 1 2 22. 3 16.9 -10.3
5 7 -7 54. 65. 1 178.6 s 9 0 247. 4 243.5 -173.4
6 0 - 1 2 51.6 44.9 174.2 14 2 0 34 1. 6 333.6 -173.5
9 3 -9 74. 0 67.5 -2.7 1 1 -14 45.3 50. 6 1.3
1 9 —2 15.2 14.3 17.8 5 5 -11 96. 0 98. 4 -177.3
3 1 -13 35. 4 27.2 166.5 3 9 -4 108. 9 109. 6 -177.0
1 1 5 -3 180. 9 187. 0 -178.0 12 4 -5 63. 4 32. 2 2. 4
10 4 -7 131.3 149.5 -177.9 13 3 -4 163. 4 175. 1 1.3
9 1 - 1 0 271.2 276.6 0. 3 10 A -5 78.9 90. 0 -177.3
2 6 - 1 0 120. 4 1 2 0 . 1 173. 7 5 9 -1 11 . 0 17.6 -179.0
9 5 -7 33. 3 35. 5 -174.3 8 0 0 114.0 1 0 2 . 0 0 . 6
6 3 -3 192.6 212.4 -173.1 0 -14 133.8 143. 7 -177.0
13 1 -4 25 • 9 15.3 -5.3 14 2 -1 63. 2 49.7 -177.7
2 4 - 1 2 167.6 167.3 179. 0 o 7 -4 204.0 192. 6 2 . 0
13 1 -4 27.0 15.3 -5. s 1 9 —5 62.0 41.9 0.3
7 5 -9 123. 7 132.0 2 . 1 11 1 -9 176.6 171.5 2.3
3 9 0 247. 9 243.8 -178.5 1 1 3 -s 62. 3 61. 1 177! 5
12 4 —3 26. 2 17.0 -163.6 3 0 -1 1 2 2 . 2 123. 0 2 . 2
13 3 0 162.4 164. 0 1 .6 7 5 - 1 0 146.0 144.9 1.9
3 5 -11 106.0 105. 4 -177.0 0 8 - 0 300. 3 291.3 0. 4
10 _3 S 3 .2 39. 4 4.0 P 1 -11 125.7 118.6 -177.1
11 1 -3 178.0 180.6 -179.7 7 7 -7 134.2 145. 4 1. 3
9 7 0 549. 2 550. 4 0 . 3 13 1 -6 95. 3 107.5 0. 7
3 9 -1 47.0 46. 4 1 .2 4 3 -7 99. 8 95.6 -176.3
1 9 -3 57.3 57.9 179.9 2 A -11 223. 7 238.0 1.6
12 ■*> - 6 36.7 39. 4 172.5 5 9 _ 2 59. 3 47.4 5. 5
13 3 -1 A 9 9 65.8 -3.7 14 ■> - 2 129.3 130.4 3. 3
9 7 -1 39. 1 21.3 -.177. 4 o 4 -13 73.3 81.9 173. 1
1 1 2; -7 281. 9 273. 4 1 . 8 3 6 _o A 8 3 60. 1 -177.0
10 2 -9 9.4 1.7 -9° A 12 0 - 8 23. 1 16.3 160. 4
0 8 -7 96.9 1 0 6 . 6 -176.5 0 3 - 2 26. 3 2 0 . 1 -4. 1
3 9 - 2 2 1 . 6 30. 5 172.6 0 2 -14 331. 7' 335. 6 1.5
1 1 3 -4 117.2 117.9 -177.7 10 2 - 1 0 252.6 261.7 1. 5
13 3 - 2 24. 9 24. 0 -171.9 2 8 —3 142.6 140. 1 179.8
6 2 - 1 2 13.4 4.2 -8 6 . 3 0 0 - 1 2 3 .0 17.2 17.5
1 7 -9 121.9 109. 6 -173.9 14 0 -4 263. 1 272.3 1.9
13 3 _2 25. 9 24.0 -171.9 1 ■j - 1 0 149. 0 152.5 -177.8
5 3 - 1 2 42.8 40. 8 3. 2 3 5 -12 12. 7 9. 4 -17.5
7 3 -11 230.5 278.8 1.7 3 1 -14 25.7 9.4 171. 1
9 7 — 2 34.5 32. 8 -3. 7 2 4 -13 6.7 4.7 136.4
3 6 -7 ' 139. 1 163.0 2 . 1 11 5 -A 35. 4 31. 7 6.5
6 3 -4 34.2 33. 3 173.7 5 v -3 13. 0 34.9 179.0
8 6 -7 140.5 163.0 2 . 1 14 2 -3 16. 7 5.6 156.9
7 7 - 6 6 6 . 2 60.9 -175.3 3 9 -5 94. 4 105.6 0 . 6
4 3 -6 24.2 10.4 -11.7 2 2 - 14 133.3 1 2 4 . 6
1 3 -13 33. 6 28.6 -170.6 13 3 -5 93. 0 134.9 -1 .5
12 4 -4 14.7 1 0 . 2 153. 5 6 8 -6 6 . 8 2.5 -22'. 5
14 0 0 320.2 3 23.3 1.8 8 3 -3 4.9 12.7 - 154.3
0 4 - 11 139. 9 199. 5 -173.5 9 7 -5 15. 7 2 . 0 -23. 5
10 6 -4 94. 4 98. 6 -177.7 1 2 4 -6 36. 4 50. 8 - 175.8
2 8 -7 237.2 293. 5 -173.5 1 0 A - 6 1 13.0 108.9 1.8
10 /;. -4 94. 9 93. 6 -177.7 5 ■7 -9 35. 3 31.3 -177.6
13 1 -3 32. 8 •30. 3 1 76. 8 ■? ■j. - 1 2 56. 4 59. 0 178. 2
! -4 153. 4 154. 2 •:177. ” 1 V 9 3 .  0 95.0 2 . 8
2 - 1 1 31 . 8 87. 5 1 . 7 4 -14 1 3 1. 3 192.5 - 177.3
r, - 3 12.6 43. 1 0 , 7 12 ' -3 9 1 . 3 77. 4 -176.3
13 -- 3 65. 7 50. 3 174 . 5 -10 73. 4 6 6 . 2 2.4
4 A -10 1 23. 5 113. 9 2 . 0 - ■!? •7:3. 9 41.3 -177.6
•a 2 - 13 40. 2 52. 0 - 1 . 7 1 0 4 - - 48. J. 27. 4 A . 2
7 - 3 116. 6 111. 0 1 79. 5 5. 8 - 13 30. 7 12.9 -17.2
6 6 ..o 34. 0 47. 3 • 175.2 A 4 -12 41.6 39. 7 175.3
'7 1 12 73.2 1 7v . A 5 — 9 3 3 • h 20. 5 6 . 0
3 7 —3 1 1 1 . 6 95. 3 3. 3 4 A -  1 1 1 64.3 179.3 1.3
4 4 - 1 2 57. 2 62. 9 4.2 3 7 ■10 209. 4 200. 9 -178.4
J 4 0 -2 138.0 141.5 -176.6 5 7' -4 83. 6 75.4 -175.4
3 7 — 9 30.0 2 9 . 2 -5. 2 0 2 - 1 2 43.6 24.3 - 168.8
1 -13 76. 1 87. 1 177. 0 1 4 2 -4 102. 3 95. 2 -175.0
1 0 4 — 3 171.4 180. 9 1 . 7 1 3 1 -7 V . o 9 . 3 - 1 4  1 . 2
I
H
S
Jv.
ft
;*>
u
H K L /F0/ /FC/ PHASE
12 6 -4 24.5 24. 3 -5. 2
6 6 - 1 1 124. 7 129.3 2. 5
0 2 -15 23. 9 45.5 2 . 2
14 4 -3 46. 5 43. 2 -175.1
13 5 -4 48.3 54. 5 -174.5
7 7 —9 105.0 i 92. 0 -178.3
2 4 -14 93. 6 91 .3 -177.1
4 0 -9 21 . 3 17. 4 1 0 . 2
er 9 - 6 124. 2 126. 7 2 . 1
10 3 0 90. 7 38. 1 0. 9
4 • 10 - 2 31.2 100.9 0. 3
14 2 - 6 199.5 2 1 2 . 6 1.9
■o 7 - 1 1 34. 4 19.6 6 . 9
11 5 -3 57.3 57. 9 -176.6
2 to -4 1 0 . 1 1 1 . 2 6. 0
■~j 1 -15 76.8 76.2 -175.6
10 3 - 1 83.4 1 0 1 . 2 2. 7
oU 8 - 6 59. 1 45. 4 -178.5
7 3 -13 39. 3 37.8 -172.1
15 1 -4 51.9 53.9 -179.1
6 3 - 8 47.6 50. 3 0.9
1 1 3 - 1 0 1 1 2 . 2 106.0 -178.5
4 6 - 1 2 43.6 43.4 -3. 8
2 2 -15 31.4 33. 5 3.3
15 3 0 77.0 76. 1 2 . 1
7 9 -4 103.2 106. 1 -177.5
6 4 -13 51 . 2 6 6 . 2 177. 4
10 6 - 8 33.5 31. 1 -177.8
15 3 - 1 170.3 181.3 -173.1
10 3 - 2 5 9 . £, 55. 3 -178.3
11 7 -4 40.5 14.8 17.7
1 9 -3 41. 3 42. 9 -174.1
6 2 -14 137. 1 142. 9 2 . 5
5 3 -14 59. 3 62.7 -176.6
8 6 - 1 0 35.3 71. 0 2. 4
3 2 -13 33. 6 29. 7 -2. 9
& 6 - 1 0 37. 1 71 . 0 2. 4
12 0 - 1 0 1 16.5 118. 9 -177.3
A 10 -3 1 0 1 . 2 104.3 2 .  4
0 10 -5 23. 1 29. 4 -174.1
3 4 - 1 2 20.5 16.3 1 2 . 3
11 1 - 1 1 249. 8 249. 9 -173.3
14 4 -4 170.9 184.0 1.9
10 0 - 1 2 65.5 69.7 4.0
2 o - 1 0 40. 3 20.7 -173.7
15 o _ 2 8 . 4 2 1 . 6 -174.6
9 3 - 1 2 40.2 33. 0 3. 4
1? 6 -5 2 2 . 1 30. 7 -172.7
13 5 -5 37.3 18.8 172. 7
10 ■8 —3 75.7 80. 0 -176.3
2 10 -5 102. 4 102. 5 -177.8
1 3 -15 10-3.3 91.6 0 0
15 1 -5 103. 3 101.4 3. 4
7 1 -14 19.6 2 .3 149.6
4 4 -14 61 .3 61. 6 -174.7
0 6 -13 11.9 14.8 -167.6
15 3 -3 44. 4 42. 0
4 10 -4 101. 9 98. 2 0 . 2
7 9 -5 116. 6 116. 3 0 . 6
4 10 -4 102. 3 98. 2 0 .2
5 5 -13 25. 4 23. 4 173. 8
7 9 -5 1 2 0 . 2 1 16.3 o! 6
3 9 -8 96, l 36. 5 -177.3
13 1 -9 46. 9 ■39.8 174. 5
13 3 -3 6 6 . 3 64. 7 2 . 6
5 9 -7 44.3 44. 7 1 79. 3
1 1 7 - 5 76. 6 9 2 .  5 - 178.3
14 2 -7 20. 9 32. 3
9 7 —8 93.8 8 6 . 0 3. 2
12 2 - 1 0 71.8 80. 3 3.5
16 0 0 77.6 79.3 3 .  1
3 O _-7 106. 7 103.8 -177.2
4 2 -15 42. 0 52. 0 1 . 8
14 4 -5 33. 1 0 0 . 9 175.9
10 2 - 1 2 57. 7 60. 1 -175.7
9 1 -13 43.8 40. 5 174.5
6 10 0 29.7 23. 3 177.9
2 A -13 5. 1 5.4 -137.3
A 10 0 30. 1 28. 3 177.9
H K 1. /F0/ /FC/ PHASE
0 10 0 66.5 76.2 0.3
8 0 -4 19.5 2 0 . 1 176.8
1 3 -14 12 4 . 6 131.0 -17 S . 2
0 10 -1 1 15. 4 1 1 2 . 8 -173.0
7 7 -8 92. 0 86.4 2. 9
12 6 o 77.8 74.0 -178.2
4 0 -0 33. 8 25. 5 3. 9
8 4 -1 1 1 0 2 . 0 91.6 -177.3
11 3 —9 135.3 137. 6 -178 . 2
13 5 0 177.4 200. 9 -178.3
12 6 -1 108.7 113. 1 -177.6
7 1 -13 70. 1 79. 2 4.5
13 5 -1 20.4 8 . 8 161.S
4 4 -13 14.3 11.4 166.3
9 3 -11 105.3 103.7 2. 7
2 10 0 40.0 25. 1 3.7
3 9 - 6 44.8 41.7 5. 8
13 3 - 6 2 2 . 8 15.3 -168.2
0 10 - 2 131.2 2 0 1 . 2 0 . 2
11 1 - 1 0 107. 1 S3. 1 179.3
9 7 - 6 157. 1 161. 0 -173.1
4 o -14 241.3 242. 0 1.9
10 -1 161.7 160.4 - 1 7 3 . 3
11 5 -7 229. 2 234.3 -17S.6
p> 6 -9 0 0 . 0 24. 1 - 1 7 2 . 2
15 1 0 24.0 27.2 -177.8
12 6 - 2 108. 7 99. 6 178. 9
0 6 - 1 2 23.8 28. 5 -17 3 . 5
15 1 -1 197.0 194.8 2 . 1
6 s -7 191.4 207. 3 -178.2
13 5 - 2 136.7 132. 1 1.9
7 o 0 215. 9 210.4 -173.6
5 5 - 1 2 *>*> ~7 -S'. / 23. 4 - i l l
5 1 -14 90. 1 99. 1 0.3
7 5 -1 1 179.2 181.6 -173.4
2 8 ~9 15.3 8.4 28. 1
11 7 0 34. 4 5. 0 91.0
7 9 -1 108.7 1 06. 6 0. 7
2 10 — 2 98. 1 100.5 -179.7
12 4 -7 48. 1 42.0 -174.0
10 6 -7 149.9 141.7 2 . -3
5 9 -5 60.6 78.9 180. 0
1 5 -13 41.9 43.8 4. 1
14 2 -5 57.7 65.8 -178.6
11 7 -1 104.4 117.0 -178 . 4
3 3 -14 139.6 144.5 -17S.5
0 10 ~3 59. 0 50. 8 4.4
1 9 -7 61.7 53. 5 179.7
15 1 - 2 2 0 . 6 2 0 . 6 177.9
14 4 0 214. 1 215.0 1 . 8
9 1 - 1 2 67.9 61.4 -0 . 3
c 9 -5 6 8 . 9 84. 7 2 . 6
2 6 - 1 2 19. 4 14.8 - 1 7 3 . 2
14 4 -1 45. 9 40. 0 4.8
7 9 —2 64.3 60. 4 176.3
12 6 -3 72.0 77. 3 3. 9
14 0 -6 8 6 . 4 103.6 - 1 7 5 . 8
10 2 -11 73.9 73. 4 1. 7
13 5 -3 83. 4 81. 2 - 2 . 1
11 7 — 2 75.4 67. 2 -177.1
1 7 -11 73.9 61. 0 1 . 8
1 1 -15 145.7 146.5 -177 . 9
2 10 — 3 1 44. 0 126. 6 2. 5
14 4 — 2 75. 5 80. 3 -17 5 . 9
1 8 1 - 9 163. 6 173,6 - 1 7 7 . 5
5 7 ■ -1 0 1 87. 9 165. 0 -178. 1
0 4 -14 216. 3 214.2 -173.3
4 10 1 0 1 . 8 97,2 0. 3
A o •14 164. 5 171.5 -17 7 . 7
7 9 ... 10. 3 7. 4 -17 3 . 0
0 10 -4 2 1 . 2 8 . 0 1.9
10 4 - 1 0 1 64. 5 163. 4 -178.2
—; 5 -13 3. 1 19.3 10.3
4 10 -1 60. 3 56.6 -17 6 . 2
11 7 -3 130.2 136.5 1.3
o 9 -7 “7  It* • b* 9 4 .8 -0 . 2
9 5 - 1 0 170,3 179.2 1 . 6
13 3 -7 31.1 39.0 6 . 8
9 7 -7 1 6 . 5 1 . 1 90.3
h |
i
1
r>;:
H K L /FO/ /FC/ PHASF H K L /FO/ /FC/ PHASE >•/
1 7 -12 7. 4 5. 1 33.2 13 5 -7 1 4. 0 14.3 -11.5
5 7 -11 28.3 2 2 . 6 3. 4 g 3 -13 27.7 28.7 - 6 . 4 .■ A
1 5 -14 127.3 133. 3 2 . 1 14 6 0 70. 1 31.0 -177.2
10 3 -4 57.0 43. 7 1 .6 2 10 -7 131.9 124.5 2. 3 $6 10 -1 149. 4 143.5 -178.3 2 2 -16 8 . 1 2 0 . 8 - 1 7 3 . 2
0 10 -6 120.9 1 16.8 0 . 1 f . 3 -15 31. 5 14.0 15.6 \ r
5 1 -15 8 8 . 6 94.3 -177.2 6 2 -15 4.5 10.3 9. 5 - t
11 5 —9 113.9 1 2 0 . 1 1.9 14 6 -1 5 9 .6 tro r -176.4
10 4 -11 8 6 . 2 s £ . 5 -177.4 9 9 -4 104.4 118. 1 -177.5 .• V
16 0 -2 29.2 39. 3 -175.1 3 1 1 0 63.4 87.5 2. 5
;7 7 - 1 0 94.7 97.7 -177.4 12 2 -11 16.3 16.7 6 . 7
9 9 0 108.9 119.3 -177.3 13 7 0 185.9 179.2 1.7
3 3 86.5 93.2 3. 0 15 1 -7 177. 1 177.9 - 1 7 7 . 9
12 6 -6 26.0 24.2 175.4 9 11 -1 39. 3 54. 7 0 . 6 $S,
4 3 - 1 0 5. 1 18.3 -175.7 7 5 -13 67.9 77.0 2 . 6
#9 5 -11 53. 1 52. 1 -176.8 3 11 -1 47.5 54.7 0 . 6
15 3 -4 2 1 . 2 2 1 . 0 173.2 1 11 -3 37.8 42.0 - 1 7 8 . 2
6 3 -9 20. 4 16. 1 13.1 13 7 -1 39.0 37.9 -1.7
13 5 - 6 140.6 157.9 1.5 10 s - 6 55. 2 63. 2 -1 7 8 . 8 19 9 -1 29 g 34. 1 -179.4 7 9 -7 2 5. 0 9.8 -176 . 8 i14 0 -3 139.8 134. 5 2 .9 11 5 - 1 0 87.5 1 0 2 . 0 2 . 0
6 10 -2 42. 7 28. 0 -179.6 4 0 -16 29.3 37.4 5.6 •r
2 10 -6 97.2 94. 3 -179.6 14 6 -2 74.9 72.3 2 . S) •A'
12 4 -9 23. 0 27. 3 5. 7 11 7 -7 9 9 . j 93.5 1 . 6
10 6 -9 2 5 . 2 47.6 -175.9 15 5 0 106. 4 97. 3 - 1 7 7 . 9 ll 
iS 
* ■j>-4 10 —5 1 2 . 8 1 0 . 3 -16.9 A 3 - 1 0 16.0 15. 3 -177.3
0 0 -16 116. 4 130. 3 1.7 16 2 -4 71.4 74.6 - 1 7 7 . 2
1 9 -9 43. 1 42. 7 0.3 15 5 -1 88.5 92. 8 2. 4
6 6 - 1 2 35. 5 37. 0 - 176.9 3 11 - 2 19.8 17.5 - 1 7 0 . 8
15 1 - 6 5. 8 0 . 8 71.9 0 6 -14 135.9 121.5 1.5
9 9 - 2 122.4 108.2 2.3 13 7 8 . 8 25. 2 -170.1 *y
16 2 0 123.0 130.6 -178.3 14 4 -7 95.5 98. 0 -173.0 %
1 1 -11 184.5 137. 7 1.9 5 7 - 1 2 32. 2 23. 9 7 . 8
7 9 -6 42.2 44. 1 4.7 15 3 -6 41.3 47.5 -177.5
s 0 -14 157.3 157.3 -177,6 5 5 -14 133.0 143.5 1 . 9
7 9 - 6 36.9 44. 1 4.7 7 7 -11 79. 5 67.3 2 . 0
3 7 - 1 2 36. 6 34.0 175.0 12 4 - 1 0 46.8 51.4 -176.1
16 2 -1 50.0 53. 1 -177.3 4 3 -11 3 3 .6 92. 8 - 177.2
3 5 -14 1 0 1 . 1 107. 7 2 . 6 10 6 - 1 0 91.0 92. 1 1 . 8
0 s -11 123.3 133. 7 -177.9 7 1 -15 1 29. 5 1 2 0 . 6 -177.4
11 7 - 6 48. 0 47.9 -175.3 4 4 -15 20. 3 5. 3 -151 . 8
1 1 -16 26.0 27. 2 -0. 9 6 10 -5 103. 6 117.8 -173.3 ■ ».*.
6 10 — 3 35. 3 28. 4 9. 5 1 9 - 1 0 141.1 140.8 1 . 8
0 4 -15 25. 4 27. 5 -174.0 6 10 1 1 2 . 1 1 17.8 -178.3
o 0 -16 48.2 54. 3 177.2 10 4 - 1 2 41.6 51.8 3. 8
10 8 -5 36. 0 46. 9 4.7 1 7 -13 Or 15.3 -174. 1
3 6 -11 126.4 149. 3 1 . 8 15 5 — 2 11.3 8 . 2 160.5
14 4 - 6 6 6 . 1 6 6 . 7 -175.5 1 3 -16 17.9 26. 0 2.7
16 2 — 2 43. 1 54. 1 176.8 9 5 - 1 2 55. 1 56.7 -177.0 *■.
1 11 0 146. 7 154. 3 1.6 14 6 _g 43. 4 51.5 4.4 * ri
4 6 -13 29.3 30. 7 -5. 3 9 1. -14 10.5 1 1 . 8 5. 4
9 9 —3, 13. 7 1 . 1 29. 2' 2 6 -14 22' • 6 31.5 175.9
1 1 1 -1 14.0 11.4 4. 7 1 1 1 -4 56. 1 63. 5 3. 4
2 3: -1 1 143. 4 149. 9 -173.0 8 10 0 87.9 83.0 0. 5
3 9 -8 53. 0 53. 6 -175.4 12 g 0 79.9 74.7 179.8
15 3 —5 133. 5 147. 4 -178.0 9 9 -5 1 2 . 1 20. 5 -179.7
5 9 —3 55. 0 53. 6 -175.4 3 1 1 -3 2 2 .9 17.2 -176.7
7 3 -14 93. 1 89. 6 -173.0 8 10 -1 65. 9 67.8 -177.1
14 2 —3 106. 9 115.1 -176.9 13 7 -3 60.0 52.3 178. 7
2 4 -15 53. g 62. 9 -177. 1 12 8 -1 58. 4 59.7 4.0 ■*.■
1 1 1 - 1 2 30. 3 29. 4 -173.8 0 10 - 8 12. 4 12. 4 -179.7 :'■
3 -8 11. 2 9. 7 6 . 1 5 9 -9 10. 8 7.5 1 . 5
3 9 -9 60. 3 52. 3 1.0 1 5 -15 89.3 94. 7 -178.3
0 10 -7 124.5 126. 5 1.9 14 2 —*3 9° 8 14. 7 -174.8
13 3 - 9 60. 7 55. 3 —3 .3 4 10 -7 112.3 1 1 0 . 0 2 . 1
16 0 -4 29,'4 19.9 163. 2 4 2 -16 42. 9 38. 7 -175.0 ; ;
1 3 3 „o 63. 8 5 5 . 3 -3.3 3 g —9 2 6 . 8 31.5 5. 6
0 2 -16 105. 4 101.4 -178.0 1 1 3 - 1 2 1 0 . 1 1 0 . 1 9 . 6
/ -9 6 .3 6 . 1 - 9 . 4 15 5 -3 114.4 126. 0 -178.2
6 4 -14 1 1 2 . 0 117.4 -177.9 12 6 —S* 8 . 5 4.8 -22. 9
•S' 4 -13 20.3 IS. 6 7 . 9 6 6 -13 32'. 9 46. 9 -175.9
1 1 1 -2 8 . 3 1 3. 2 -166.5 Cj 10 - 2 25. 8 23. 4 -0 . 2
16 2 —3 50.8 57.5 2 . 1 12 8 — 2 7. 4 6 . 6 -175.9
12 6 -7 125.7 137. 6 2 . 0 0 8 - 1 2 96. 1 94. 0 0. 9
6 10 -4 9.2 1.5 33. 6 13 5 -8 94 . 0 8 8 . 7 -177 . 5
13 1 - 1 0 32. 2 33. 6 1 .8 5 1 -16 35. 0 28. 7 - 1 .0
-14 131. 1 128. 4 2. 7 17 1 0 13.8 11.4 -174.6
o 1 -16 13. 5 9.9 9 -1 79.0 16 4 0 56. 4 56. 7 2.7
4 10 - 6 1 . 2 29. 1 o . 2 3 9 - 1 0 60. 6 66. 8 3.5
L13
10
12
-1
~4
12
-1
16
10
-6
-3
0
-4'
-4
■12
-1
-7
■11
■15
-4
■13
14
-6
10
■16
16
-3
0
15
■17
1 1
■12
■14
-1
14
-6
-4
-4
■11
-3
14
15
16
11
11
15
11
12
12
.14
17
10
10
-4
10
-S'
-4
-7
£
/FO/ /FC/ PHASE H K L /FO/ /FC/ PHASE
11.3 13.9 2.7 5 3 -16 29.3 33. 9 2.2
24.5 19. 9 -174.7 2 -16 41 .2 44.5 -176.5
83.0 93. 9 -173.4 1 -17 113. 8 125.7 2. 3
5. 3 3. 3 -138.6 9 -10 9. 2 riA. . -17.9
141.0 14 6 . 1 1. 9 17 3 0 96. 1 105. 6 1.5
107.2 115.2 -177.7 2 10 -9 60.3 54.3 -176.8
11.0 11.7 -162.4 10 4 -13 10. 3 19. 4 7.3
20.0 10.6 159.2 1 1 9 -3 35.7 35. 1 -178.9
67. 4 69.6 2.8 5 11 -4 36. 4 S3. 4 2.4
11.0 9.0 172. 4 17 3 -1 84.0 86.7 -177.3
144.2 140.5 -173.1 9 5 -13 3.6 16.5 172.8
49.3 41. 1 -175.1 2 2. -17 58. 6 63. 0 -173.5
25. 4 22.6 -1.8 15 1 -9 84.6 85. 0 3. 2
125.5 114.3 2 .0 10 2 -14 123.8 125.3 2.4
42.6 47.2 4.2 15 3 -3 11.0 36.6 3.0
149.9 143. 2 1.9 o 9 . -7 15.4 29. 2 0. 9
49. 5 43.7 179. 1 8 10 -5 15.4 21.6 -172.4
27.8 26. 2 2 5 1 7 -14 110.4 109.2 -177.5
33.8 31.6 -173.3 0 6 -15 45.2 63.5 2.9
94. 1 92.0 2.3 12 8 -5 25. 1 24.5 8 . 1
74.3 35. S -177.1 7 9 -9 56. 3 53.8 1.0
27. S 22. 7 178. 7 5 5 -15 61.6 69.7 -178.0
99. 2 97.3 3. 1 7 9 -9 56.2 53. 8 1.0
11.5 26.2 2.0 14 6 -6 72.3 77.5 2. 3
28. 4 2 0 . 6 -174.0 11 7 -9 66.7 66.9 -178.2
32. 7 2 2 . 8 8.6 17 3 -2 24.7 31.7 -175.7
27. 1 34. 4 - 172. 4 13 3 -11 19. 5 15.5 13.7
34.0 37.9 -175.3 9 2 -11 9.9 9. 3 173.6
81. 1 85. 6 -177.3 3 11 -6 44. 4 50.4 -176.8
62. 3; 72.3 4. 1 13 7 -6 41.2 47. 2 -175.1
79.6 83. 7 3. 2 14 4 -9 S. 0 6.2 21.2
7. 1 17. 1 -169.5 7 1 -16 9.3 12.6 -1.9
96.0 90. 3 1.9 9 1 -15 61. 1 53. 2 -176.0
39.6- 87.6 2.7 1 1 3 -13 55. 0 61.8 -176.1
129.6 164.0 -177.9 4 4 -16 43.9 50.7 3. 1
107.5 106. 3 1.6 1 1 3 -13 54.3 61.8 -176.1
13.7 40. 4 4. 1 16 2 -7 56.5 60. 8 1.7
64. 3 74.5 -176.1 2 6 -15 71. 7 79.7 2.5
123. 0 1 15. 7 -178.1 0 8 -13 14.0 20. 9 172. 1
30.3 35.5 -174.4 17 1 -5 103. 3 108. 7 2. 3
121.9 123. 5 2 . 1 16 4 -5 64.3 62. 1 2.6
146.2 152.6 1. 9 1 1 9 -4 49. 1 42.3 -175.3
123.9 121. 1 -173.1 -7 1 1 0 65. 9 89. 7 2 . 0
10.4 17.6 - 11.1 6 6 -14 17.8 6 . 4 20.2
73.0 71.6 -176.6 3 6 -13 33. 1 11.9 -14. 0
50. 3 47.8 -176.2 17 3 -3 95.5 101.3 2. 3
66.9 72.0 0. 7 1 3 -17 127.4 113.0 -173.0
1 2 2. 0 140. 7 -177.6 5 1 1 -5 20.9 2 1 . 1 173.0
25.8 34.3 5. 2 0 12 0 36.7 73.8 - 1. 1
9. 0 21.3 1.6 13 1 -12 38.6 17.3 -2.4
35. 3 30. 7 179.3 7 -14 S3. 5 39. 1 -177.2
129.3 132.2 -178.0 1 11 — / 46.3 48. 2 -173.4
71.4 6 8 . 2 -178.8 2 8 -13 30.7 25.3 7.3
‘ 93.9 103.2 -173.4 1 5 -16 8 . 2 15.2 -173.3
54.3 62.6 0 . 2 4 10 -9 11.6 7.5 -160.9
72.3 71. 1 -177.7 10 10 0 12.5 12.3 1.6
25. 3 31.5 176. 4 16 0 -8 53. 9 64. 1 3.0
26.8 30. 8 -2 . 0 4 2 -17 26.6 31. 1 -177.2
5. 6 15. 0 179. 7 10 10 -1 64. 4 69. 9 -177.3
96.9 100. 3 -173.2 3 10 -6 2 1 . 2 21. 9 -179.3
93. 0 105. 3 12 3 -6 29. 7 23. 8 - 1 . 1
39. 1 40. 0 2 . 1 2 12 0 145.3 156.2 -179.3
36. 2 23. 3 173. 1 0 12 —2 30. 4 26. 7 1 . 1
16.3 13.9 -169.3 6 10 -8 3. 9 3.4 6.9
8.7 3. 5 1.5 2 12 -1 73. 1 64.4 2.5
11.0 12. 8 167.8 0 10 -10 34.5 21.5 -0.6
46.6 49. 2 3.9 1 1 5 -12 40. 6 35. 4 -3.7
46. 4 43. 5 1. 7 5 1 -17 39. 6 95.6 2.6
63. 6 31. 5 2. 7 1 1 1 -14 13.4 7.5 6.3
53.0 57.6 -177.0 10 8 -9 2 2 . 2 19.3 9. 1
19.7 32. 9 -177.2 17 3 -4 47. 1 58.3 2.5
122.5 1 15.3 2 . 1 10 10 — 2 37. 3 45.0 0.2
124.0 115.3 2 . 1 6 3 -12 7.3 3.7 168.0
17. 1 17.6 -176.8 14 6 -7 37.6 46. 2 4.5
103. 4 111.2 2. 9 1 1 9 -5 51.4 56.4 O.S
24. S 27.0 175.5 9 9 -3 53.8 53. 8 -176.0
40. 6 33. 7 1.7 3 3 -17 59. S 56. 9 -175.8
17.6 2 2 .9 173.7 12 6 -10 21.4 12.5 8.3
90.9 33.2 2.7 12 2 - 13 23. 9 35.7 -177.9
H K L /FO/ /FC/ PHASE
13 5 - 1 0 56. 3 65.2 3. 2
2 12 — 2 69. 7 54.7 179.0
3 0 -16 32.4 31.0 5.9
4 6 -15 41.3 56.0 3. 1
2 12 — 2 73.0 54.7 179.0
12 4 - 1 2 8 . 6 3. ,0 1 2 2 . 1
3 11 -7 8 . 1 22. 9 -17 7 . 3
10 6 - 1 2 37.2 35. 3 -176.6
13 7 -7 38. 1 36. 4 178.3
o Cj -16 1 0 . 6 15.0 -173.5
15 :3 -9 77.4 71.2 -176.8
17 1 -6 14.8 7.3 6 . 5
16 4 - 6 48.3 42.8 -177.0
0 12 -3 41.8 41.6 -176.6
2 10 - 1 0 39. 5 39. 0 -178.9
5 g -11 28. 4 36.2 0. 4
14 2 -11 52. 1 53. 3 1 . 6
15 1 - 1 0 15.2 27.4 1. 5
5 11 -6 26. 8 29. 3 -174.2
3 g -11 72.8 78.3 -177.2
16 2 - 8 30.4 12.3 -166.2
15 5 -7 8 4 . 0 86.3 -177.8
10 10 -3 58. 1 69.6 2. 9
© 4 -15 12.4 24.7 -174.4
7 9 - 1 0 56. 9 63.8 3. 1
7 7 -13 26. 8 31. 4 -176.7
4 3 -13 8 . 6' 20. 4 172. 1
7 3 -16 9.9 19.8 3. 4
2 12 -3 33.9 24.3 -173.0
C/ 3 -15 43. 1 28.7 6 . 1
11 7 - 1 0 32. 9 43.9 -175.6
18 2 0 128. 7 145.7 -177.6
0 4 -17 6 8 .5 67.2 2. 3
15 7 0 66.4 85. 0 2 a 3
0 0 — 18 121.7 133.7 -177.6
18 2 -1 39.8 24.7 -177.2
14 4 - 1 0 84. 1 101.4 -177.7
17 3: -5 31.9 44.8 -175.5
15 7 -1 46.3 50.8 -178.0
6 4 -16 15. 1 2 0 . 8
1 1 1 -3 46.3 45. 0 3.6
4 12 0 15.3 18.9 -175.6
5 7 -14 69. 4 69. 0 -176.4
16 6 0 15.6 6.. 9 -170.0
0 12 -4 52.0 37.3 -1.9
c>*_■ 10 -7 83.2 81.8 2. 4
7 5 -15 66.4 67.5 -177.5
4 12 -1 27. 1 29. 2 4.4
12 g -7 56.3 73. 0 -176.9
g o -16 55. 2 48.0 -176.5
16 6 -1 85. 0 97. 4 -177.8
1 1 -18 20.5 2 0 . 1 2 • 3
3 g -12 17.6 13.5 -169.3
18 2 - 2 174.5 191.4 1 . 6
2 4 -17 44.6 44.6 3. 6
13 3 - 1 2 38. 7 24. 9 4.4
2 4 -17 49. 7 44. 6 3. 6
10 4 -14 80. 5 89. 5 -177.6
2 0 -18 1 0 0 . 8 1 16.5 -177.6
15 7 -2 13. 1 3. 8 -46.6
g ~r - 1 2 1 2 . 8 13. 0 13.3
14 8 0 58. 4 44. 6 1.9
g 5 -14 57. 7 3 • 2
14 8 -1 59.6 66.9 2 . 8
4 12 - 2 42.6 28.8 1 . 2
2 12 -4 98. 6 95. 5 -179.0
16 6 -2 26. 3 24.8 177.6
10 2 -15 27. 7 33.0 2 .3
4 10 - 1 0 18. 9 34. 0 -179.5
6 10 -9 43. 4 32:. 8 -175.3
1 7 -15 55. 4 39. 0 1. 9
14 6 — 8 38. 2 37. 9 -175.9
17 1 -7 90.8 1 0 0 . 2 -177.4
14 o -2 11.3 17.4 -174.9
16 4 -7 40.4 46.3 -176.2
18 2 -3 23.9 6.3 11.7
6 2 -17 43.6 48.2 -178.2
5 3 -17 88.9 92.8 -177.9
H K L /FO/ /FC/ PHASE
15 7 -3 2 1 . 1 2 2 . 0 4. 5
11 3 -14 35. 7 32. 1 -176.1
0 6 -16 64.8 62.3 -178.3
13 7 —8 57.0 56.5 3.8
0 8 -14 45. 2 56.7 -179.1
5 11 -7 59.8 53.3 -178.7
9 9 —9 7.0 7. 1 179.8
14 0 - 1 2 44. 1 56. 5 4.5
17 5 0 89.3 1 1 0 . 2 -178.1
4 12 -3 1 0 . 6 2. 4 - 1 0 1 . 2
© 1 -18 19.9 3.9 1 2 . 8
10 8 - 1 0 31.9 32.3 -178.4
16 6 —3 56. 8 57.2 3. 8
0 12 —5 15.8 7.8 165.6
13 1 -13 58.0 42.9 175.6
17 5 - 1 102.3 1 0 2 . 6 1.5
8 6 -14 40.2 29. 9 4.2
12 0 -14 52. 9 6.6 . 0 -176.2
17 3 - 6 47.9 51.7 -177.6
15 5 —8 24.0 23. 9 -173.9
o 10 -1 1 60.8 70. 2 2 . 6
2 2 -18 72.5 76. 1 3. 2
9 1 -16 1 0 . 2 16. 0 -178.2
2 6 -16 18. 7 2 . 8 - 152.6
6 /. -15 46. 0 59. 2 3. 0
1 0 10 -5 36.3 33. 5 -1 75.2
15 3 - 1 0 28. 8 27. 9 -176.2
12 6 - 1 1 45. 5 60.9 3. 3
1 7 5 - 2 56. 2 59. 5 3 . 0
13 9 0 1 26. 8 143. 4 178.4
7 1 -17 1 2 1 . 1 133. 0 2 . 0
2 12 -5 ■ 2 55. 9 2. 4
4 4 -17 54.3 53.0 2.7
1 3 5 - 1 1 7. 1 21.7 -174.0
° 11 0 94. 9 92.0 2 . 1
1 8 2 -4 128. 3 150. 5 -177.9
3 7 -15 6 . 6 4.2 160. 1
1 3 9 - 1 29.6 30. 4 -179.9
4 0 -18 99. 9 112. 7 -177.4
1 5 7 -4 15.3 4.7 41.2
2 10 - 1 1 97. 0 104.7 1.9
g 11 - 1 16.6 3:5. 0 1 . 6
1 1 5 -13 49. 9 63. 3 2 . 6
1 1 9 — 7 27. 4 31. 2 -179.2
8 10 - 8 12.7 19.0 0.9
1 5 1 - 1  1 106. 1 106.2 -177.5
I 2 8 - 8 16.8 9. 3 177.5
4 12 -4 9. 2' 4. 1 -17.7
6 8 -13 1 2 . 0 13.8 12.4
1 '6 6 -4 14. 1 14.6 -175.4
1 3 o - 2 54.0 37.9 5.2
1 1 1 -9 28.8 19.2 179.0
5 9 - 1 2 1 0 . 0 4.5 -36.5
1 4 2 - 1 2 25. 1 28.3 -171.87 9 - 1 1 1 1 . 1 15.3 -178.7
1 1 —2 46. 8 512. 2 -176.9
4 -13 41 . 0 36. 7 1 76.6
1 7 c —3 40. 8 43. 7 -176.4
1 0 6 -13 3. 4 3. 9 -135.5
1 5 -17 77. 2 85. 4 1 . 7
1 1 7 - 1 1 73. 0 73.6 1. 4
1 4 g -4 42. 9 ' x . 6. 2 . 0
7 1 1 - 6 48. 9 52.0 -177.4
1 18 60. 3 71.4 ■ 178.1
1 '7 -13 42.6 45. 2 0.4
1 2 2 -14 43. 7 41.7 5. 4
1 1 1 •15 104. 7 103.5 -177.6
•6 12 0 69. 7 59 . 8 -178.6
1 4 4 - 1 .1 16.6 2 0 . 2 - 172.8
0 12 ■■/-. 14.2 11.3 176.2
6 12 - 1 41.8 35.5 4.0
I 6 4 - 8 26. 2 21. 9 5.6
13 9 -3 14. 1 20. 3 0. 4
4 2 -18 1 0 2 . 6 1 16. 7 2 .3
9 1 1 -3 14.6 30. 5 -177.3
18 2 -5 28.5 15. 4 -176.0
16 0 - 1 0 58. 0 63.4 -177.0
14 6 -9 oo o 2 1 . 8 -173.3
H K L /FO/ /FC/ PHASE H K L /FO/ /FC/ PHASE
17 3 -7 97.0 94. 1 2 . 2 3 6 -15 45.0 46. 4 3 • 3
5 11 —8 54.3 43. 4 3.2 1 13 0 31. 1 33.9 -176.6
15 7 —5 2 2 .S 22.7 -176.0 18 4 -4 91.9 104.4
4 6 -16 1 2 . 1 4.7 -153.3 5 11 -9 3. 1 5. 9 4.9
• 1
■: *
7 7 -14 73.0 72. S -177.2 1 13 -1 13.0 7.2 -170.3 >v
IS 4 0 169.S 183.8 1.4 7 9 -12 4.6 26.8 -175.2 J v’
6 12 32.0 29. 5 173. 4 0 6 -17 54.5 63.4 -177.6 \k•>.
4 0; -14 30. 0 20. 9 —2 . 2 2 8 -15 54.8 46.9 -176.4 ir
IS 4 - 1 15.S 12.5 9. 5 11 7 -12 7.2 2 1 . 1 6 . 2 T-
3 11 -9 7.4 0.3 1*4.8 5 5 -17 47.5 54 . 8 2 . 2
10 - 1 0 16.2 17.5 -178.4 11 5 -14 41.2 54.2 2 .9
5 1 -IS 9.0 3.5 5.6 6 2 -IS 99.3 106.6 2 . 1 ; -
17 0i -4 53. 7 70.7 -177.3 5 3 -IS 57.6 63.9 -173.1 ■f y
IS — c> S. 1 1.9 -31.0 5 9 -13 13.4 33. 1 0 . 2
4 12 _c 'S. 4 9. 9 1 1 . 0 14 6 - 1 0 44. 2 35. 7 3. S
16 6 — 5 54. 6 6 6 . S -177.3 14 2 -13 20.4 22.4 —2. S $3 3 -17 63. 1 69. 7 2 . 2 6 6 -16 41. 1 37.9 -177.9 A-
4 10 - 1 1 59.6 56. 2 3. 1 14 4 -12 30.3 37.5 4.7
3 -IS 67.0 70.0 -173.1 6 8 -14 13.9 23. 1 -173.8
3 9 -13 35.2 34. 7 179.2 1 13 - 2 30.3 25.6 3. 9 •j*
13 3 -13 33.6 ->0 0; -6.5 8 8 -13 10.7 9.7 15.2 $s 4 -16 40. 4 37. 1 3 11 - 1 0 72.6 63. 7 -177.7-/ 9 - 1 0 96. S 107. 1 1.9 13 7 -10 90.4 92. 1 -177.9
IS 4 _2 SO. 1 90. 7 -177.4 9 1 -17 61.0 63. 9 3. 0 2V:
10 0 -16 53. 5 69.2 2.5 19 3 0 30. 1 44.9 2. 3
14 9; —5 —;-7 C; 51. 6 3. 1 6 12 -5 13. 4 27. 4 4.4
15 3 —9 60. 1 64.3 2 .3 12 4 -14 25. 2! 29. 8 -174.79 7 -13 7. 0 1 . 6 -34. 7 3 7 -16 19. 6 13. 7 7. 89 3 -16 13.7 2 1 . 2 3. 6 2 6 -17 75. 3 37.3 -178.0 •j-4'
12 -3 48. 9 44.9 -176.7 17 5 - 6 53. 8 72. 0 2 .3
{; ■
1 3 -4 47.8 -175.6 10 6 -14 44. 7 37. 4 3. 05 7 -15 2 1 . 1 19. 1 3 . 0
12 10 0 17. 1 15.9 2 . 8
iy
9 1 1 -4 53. 3 52. 6 3. 4 $
1 1 9 —9; 30. 0 36.9 -175.S
10 0: 11 78. 1 87.9 -177.7
7 3 17 34. 1 S 1 . 0 -177.4 '*
12 10 - 1 73. 1 77. 1 -177.8
10 4 -15 31.4 23. 0 -174.4
16 2 - 1 0 54. 4 57. 2 3. 0
7 5 -16 11.5 20. 4 -175.4
V 5 -15 33.7 23. 7 -176.2
IS 4 —3 4. 1 2. 3 -112.5
6 4 -17 49. 3 46. 7 3. 0
0 4 -1S 36.6 95. 0 ■ 177.9
S 10 —9 28.6 30. 0 -175.6
12 0: -9 41.9 36. 4 4.4
15 3 - 1 1 90. 5 90. 5 2.4
6 0 -IS 72.3 8 8 .5 -177.2 j £ *
0 12 -7 50. 6 47. 5 -177.3
12 10 - 2 46. S 23.7 -179. 1 ; ji);
IS 2 - 6 1 1 0 . 0 119. 3 £.* • 3
0 10 - 1 2 62.9 65. 6 -179.3
1 7 ? -.S 74. 4 75. 8 1 . S
0 2 -17 2 1 . 2 28.5 -177.4
/., 12 -4
43. 5 
25. 4
46.3 
26. 1
-176.7 
-177.1
10
1
10  
11
-7
- 1 0
57. 7 
49. 4
71. 5 
49. 4 -176.9
4 12 - 6 30. 1 24. 7 1 . S
10
3; -16-15
59. 6  
93. 1
62. 6 -177.4
13 
16
-12
- 6
29. 3  
6 . S i t s
-176.3 
175.2
2 4 -IS 51.3 56. 5 -177.0
13
1
1
7
-14
-16
44. 0
5. 6
51. 4
S. 2
0. 9 
13. 5
0 S -15 40. 9 41.6 -176.3
v 12 -7 49. 5 40. 7 -176 . 3
2 10 - 1 2 1 0. 1 30. 6 0. 3
13 9 -5 46.5 4 1 . 3 1 79. 9
17 1 -9 64. 9 72. 1 2 . 3
16 4 -9 31. 1 29. 4 4.4
17 3 -0; 42.7 33.5 3. 0
1 1 -19 6 . 6 2. 4 -99. 3
12 10 -3 4.0 5. 0 142.6
14 8 - 6 12.9 1 1 . 1 -173 . 4
9 11 -5 29. 4 38. 9 1 . 1
1 s i -  1 7 R  a R R  R -  1 7 Q  0
DITHIOCYANATOBIS(THIOUREA)CHROMIUM(II)
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Abstract
The diacetic acid adduct of guanidinium tetrabromochromate(II) crystallizes 
in the monoclinic crystal system: a =  8.778, 6 =  9.125, c — 12.195 A, 
/3 =  89.84°, space group P2\ jn , Z  =  2. The structure was determined using 
the heavy atom method followed by Fourier methods and refined by full- 
matrix least-squares to R  =  0.061 for 2221 observed reflections. The structure 
contains discrete [C rB r^H C hC C H h^]2" anions separated by [C (N H 2)3]+ 
cations. The chromium(II) atom is six-coordinate with tram  pairs of Cr-Br 
bonds of unequal length (2.84 and 2.63 A), and two acetic acid molecules 
completing the coordination.
Introduction
Although tetrabromo complexes are formed by many bivalent ions of the 
first row transition metals (Colton and Canterford, 1969), tetrabromo- 
chromates(II) have only recently (Babar et al., 1981a) been obtained. They 
exhibit various types of magnetic behavior: for example, the monoalkylam- 
monium salts [RNHsM CrBr,*] are ferromagnetic, the dimethylammonium 
salt [N M e 2H 2]2[CrBr4] is antiferromagnetic, and the guanidinium salt 
[C(NH2)3]2[CrBr4] • 2MeCC>2H is magnetically dilute, with a temperature- 
independent magnetic moment down to liquid-nitrogen temperatures, show­
ing that there is no magnetic exchange between the paramagnetic metal 
atoms.
The compounds were all crystallized from glacial acetic acid, but only the
325
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guanidinium salt retained acetic acid after lengthy drying in vacuo at room 
temperature. From its diffuse reflectance and infrared spectra and the lack of 
any magnetic interaction, it was deduced that the acetic acid molecules and the 
four bromide ions were coordinated to give discrete complex anions 
containing six-coordinate chromium(II). This has been confirmed by the 
single-crystal investigation reported here.
The other tetrabromo complexes were believed to resemble the anhy­
drous tetrachlorochromates(II) (Babar et al., 1981b) in which chloride 
bridges between [C rC U ]2- units and the packing of the cations produce 
polymeric structures enabling magnetic interaction to occur. Single crystals 
suitable for X-ray crystallographic studes have not yet been obtained.
Experimental
The guanidinum salt, [C(NH2)3MCrBr4]2MeCC>2H, was prepared by 
extraction of guanidinum bromide (6.42 g) into a solution of anhydrous 
chromium(II) bromide (5.04 g) in glacial acetic acid (200 cm3). Pale green 
needles separated from the pale green solution on cooling. The crystals were 
filtered off, washed with glacial acetic acid, and dried for 18 h in vacuo. Since 
the crystals become deep green in a few minutes in air, single crystals were 
sealed into Lindemann glass capillaries under nitrogen.
Before data collection, preliminary Weissenberg photographs were taken 
in order to verify those unit cell and space group data obtained from the 
diffractometer.
The intensity data were collected on an Enraf-Nonius CAD4 diffrac­
tometer using Mo Ka. radiation (k  =0.71069 A) and a graphite mono­
chromator in a 0/20 scan mode (sin 0 /X  ^  0.64). A total of 2397 data 
reflections were measured with 2221 considered observed [ / ^  2.58ct(/)]. A  
reference reflection monitored every hour of X-ray time showed no significant 
change over the whole data set. The intensities were corrected for Lorentz and 
polarization effects but not for absorption. Crystal data are shown in Table 1.
Structure determination and refinement
A Patterson synthesis indicated the position of the Cr atoms, and a 
Fourier synthesis using the structure factors derived from this position yielded 
the positions of all the remaining nonhydrogen atoms. These positions along 
with anisotropic thermal parameters and an overall scale factor reduced R  to 
0.068. Replacing the scattering factors of Br for those of Br~ reduced R  further 
to 0.063.
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Table 1. Crystal data
Molecular formula [C4H804Br4Cr][C2H,2N6]
Mr 611.89
Crystal system Monoclinic
Space group P2,/(No. 14)
a 8.78 i (4) A
b 9.1253(9) A
c 12.195(2) A
P 89.84(2)°
Vc 976(2) A 3
Z 2
Dc 1.92(3) g cm"3
F(000) 684
M(Mo Ka) 53.4 cm"1
A three-dimensional weighted difference Fourier map was then gen­
erated.
Ten peaks were found which gave reasonable C -H , N -H , or O -H  bond 
lengths (see Table 3). However, when these positions were entered into a 
further two cycles of least-squares refinement, it was found that the resulting 
bond lengths were far too short. For this reason, the original atom positions 
were fixed in the next stage of refinement with an isotropic temperature factor 
of 0.05 A2 assigned. A weighting scheme (w  =  l . \ j a 2(F 0) +  0 .1 (F 2)) was 
applied and R  was reduced to 0.061.
The atom numbering scheme is shown in Fig. 1 and the final atomic 
parameters are listed in Table 2.
Discussion of structure
The diacetic acid adduct of guanidinium tetrabromochromate(II) con­
tains the predicted discrete anions (Fig. 2), these being separated by the 
guanidinium cations. The structure also has several interesting features. The 
anions are centrosymmetric, and the tram  pairs of C r-Br bonds in the planar 
[CrBr4]2~ units have distinctly different bond lengths (Table 3), 2.84 and 2.63 
A, but the C r -O (l)  distances are equal. This is reminiscent of the structures of 
the /rarcs-octahedral anions in the copper(II) complexes M 2 [CuX4(OH2)2] 
(M  =  alkali metal or ammonium ion, X  =  Cl or Br) in which there are two 
long and two short metal-halide bonds. The copper(II) complexes are 
isomorphous with the corresponding chromium(II) complexes. Large distor­
tions from regular octahedral structures are expected in six-coordinate d 9 
(Cu2+) and high-spin d 4(C r2+) complexes through the operation of the Jahn- 
Teller effect, and this has been well established crystallographically for 
copper(II) complexes. Few structures of chromium(II) complexes have been
Ta
bl
e 
2. 
At
om
ic
 
po
si
ti
on
s 
an
d 
th
er
ma
l 
pa
ra
me
te
rs
" 
(e
sd
’s 
in 
pa
re
nt
he
se
s)
328 Babar et al.
rn in irf of o( rf i£,
—  < N i o o \ O N ^ o r ^ o  
0 0 0 0 ^ < N 0 ^ 0 0 - ^
o o o o o o o o o o o
o o o o o o o o o o o
i l l  II
^ M ^ i O O N O O r f i O ' O ' O ^
r n  n f  <nO - N r i f N M O O - n f N ^0 0 0 0 * 0 0 0 0 ^ 0 ^0 0 0 0 0 0 0 0 0 0 0
o o o o o o o o o o o
I II I I I I
(v)^^gN^^r^ooox'0o o o o r - ~ o ~ o ~ < No o o o o o o o o o o
0 0 0 0 0 0 0 0 0 0 01 I I I I I I I I
— —  - T^j't-*t--oooo
(Nr^Tj-or^vo —  O T f o o m  
mmrftomosTtvoTfsor*** o o o o o o o o o o o
O O O O  o* 0 * 0 0 0 0 0
^cN^r-oooortoooooooo
h o n n T f i n ^ o o o o a o o
Ttn/)'0'0i/)f/)X'0'Cin
0 0  o # 0 0 0 0 0 0 0 0  
o o o o o o o o o o o
^ ^ v <o » o o o o ^ ,ir>r-'co
ov«nr)fSfs^^Ttvorscn
m < N m < N r - - » n m ( N m m t n
O O O O O O O O O O O
o o* 0 0 0 0 0 0 0  o o
«n o <n o
T f  Oo o
r** fN 00
<N O n
s ~ O
uK nf o r j -  t j -
^ i n o n n a n ^ ^ h o o n ^ ^ m M o on x - N O \ ' ^ i n M ( N r ' f n o c \ - « O N ' -
o s O N O f S ( N f S f n o o o ^ < N c s ( N m m - ^
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
^  Tf no ✓—s n  >n
c n  c n  ~  ^  ^  ^  ^
- O r n ^ - ^ M ^ ^ f N ^ n
r - o u ^ r - o s < N O O T t i n f n  oo m —‘ O N V o t n o o ^ n O v m  o o » n o o i n r N. o ^ ( N ( N f f i - o r N- o \ i o ^ T f O N ^ n  
N O O N N w n ^ ^ ^ f n ^ f o ^ n N t N n n T f v o o  
o  0* 0 0 0 0 0 * 0 0 * 0 0 0 0  o*  0 0 0 0 0 0 0
I I I I
m o^^o^oor^ooN^*NO Of fi o v ) V ) n f f i > n ^ e o v ) o o o N O - O N M M O ^v © o c n o o v © < N N o m o o i n o r - - < N o o v o o o < N O o ~ <n i o i r j N O i n o o ' O n ' n o ^ - ^ ’- n ^ i n n r i i / i o o
o o’ o* o* o o o o o’ o o o o* o o o o o o’ o o
# 0  /^ V /—S a . /*s /—S a . /*v ||^ S V /"N /*V (^s /*N W
s.✓ ^-fSfvi —  ( N f f ) * - n ^ N n i ,y)\ots* w o N ^
OUfflUOtJO^UZ^SSKSSKaKaK £ 1=3 H *
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Table 3. Bond lengths and angles (esd’s in parentheses)
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Atom Bond length (A) Bond angle (deg)
Cr-Br(l) 2.839(2)
Cr-Br(2) 2.637(1)
Cr(l)-0(1) 2.06(1)
Br(l)-Cr(l)-Br(2) 90.07(3)
Br(l)-Cr(l)-0(1) 91.4(1)
Br(2)-Cr-0(1) 91.4(1)
C(l)-0(2) 1.28(2)
C(l)-0(1) 1.22(1)
C(l)-C(2) 1.48(2)
C(l)-C(l)-C(2) 124.2(1.0)
C(l)-C(l)-0(2) 121.7(1.0)
C(2)-C(l)-0(2) 113.9(1.2)
C(3)-N(l) 1.32(2)
C(3)-N(2) 1.33(1)
C(3)-N(3) 1.32(2)
N(l)-C(3)-N(2) 120.0(1.2)
N(l)-C(3)-N(3) 118.3(1.0)
N(2)-C(3)-N(3) 121.6(1.1)
C(2)-H(l) 0.91
C(2)-H(2) 0.85
C(2)-H(3) 0.86
0(2)-H(4) 1.15
N(l)-H(5) 0.92
N(l)-H(6) 1.16
N(2)-H(7) 0.93
N(2)-H(8) 1.03
N(3)-H(9) 1.05
N(3)-H(10) 1.20
C\V 02V
Br2Br1
01
C2'
fa)
N1
01'
Br1Br2'
ci;
0 2
N3 ■C3
N2
(b)
Fig. 1. Numbering scheme for (a) [CrBr4(H02CCH3)2]2 anions and (b) [C(NH2)3]+ cations.
Hydrogen atoms omitted.
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Fig. 2. View of [CrBr^HChCCHj^]2' anion.
determined, and the present structure is the first of a discrete anionic complex. 
The presence of coordinated acetic acid rather than acetate is shown by the 
CO bond lengths which indicate that the doubly bonded oxygen 0 (1 ) is 
coordinated to the metal and the hydrogen is attached to 0 (2 ). In coordinated 
acetate the donor oxygen atoms would form the longer C -0  bond. The bond 
distances and angles of the coordinated acetic acid molecules are similar to 
those (Cotton and Rice, 1978) of the axially bonded acetic acid molecules in 
[Cr2(02CCH3)4(H02CCH3)2] although the C r -0  bond is considerably 
longer in the binuclear complex (2.306 A).
The guanidinium cations have trigonal symmetry and lie between the 
anions. The C -N  bond lengths (1.33 A) are consistent with the expected 
partial double bond character.
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Crystal and Molecular Structure of a Complex Bromide containing 
Planar Diaquadibromochromium(u) Units t
Mark F. C. Ladd, Leslie F. Larkworthy,* Gordon A. Leonard, David C. Povey, and 
Santokh S. Tandon
The Joseph Kenyon Laboratory, Department o f Chemistry, University o f Surrey, Guildford GU2 5XH
 ;  ___________________________
jin g le -c rys ta l X-ray analysis has shown that the magnetically dilute complex [Hpy]2[CrBr4*2H20 ], 
Vtfhere Hpy is the pyridinium cation, contains discrete trans-planar CrBr2(OH2)2 units and bromide ions 
instead of the expected distorted octahedral anions, ^a/7S-[CrBr4(OH2)2] 2_. The bromide ions are held 
by strong hydrogen bonds to the pyridinium cations.
From their X-ray powder patterns it was shown1 that the 
chromium(n) complexes M 2[CrX4(OH2)2], where M  =  Cs, 
Rb, or N H 4 and X  =  Cl or Br, are isomorphous with the 
corresponding copper(n) complexes. The latter contain trans- 
octahedral anions [CuX4(OH2)2]2", with two short and two 
long metal-halide bonds, so in the absence of single-crystal 
investigations similar structures were assumed for the chrom- 
ium(n) dihydrates. The dihydrate with M  =  pyridinium 
(Hpy) and X  =  Br is slightly different in colour from the other 
dihydrates and is not isomorphous with them, but like them 
it is magnetically dilute and was believed1 to contain analogous 
anions. However, the present investigation shows that two 
Cr-Br distances are so long (4.91 A) that the solid must be 
considered to contain the neutral trans-planar CrBr2(OH2)2 
units and ionic bromide.
Experimental
Preparation o f Pyridinium Diaquatetrabromochromate(ii).— 
Anhydrous chromium(n) bromide1 (0.85 g) was dissolved in 
hot glacial acetic acid (40 cm3) under nitrogen. To the hot 
solution was added a solution of pyridinium bromide (1.28 g) 
in glacial acetic acid (10 cm3). The pale yellowish green solu­
tion obtained was allowed to cool slowly. The yellowish green 
crystals which separated were filtered off, washed with acetic 
acid, and dried in vacuum for several hours. Pale green, very 
air-sensitive needles suitable for X-ray investigation were 
obtained on recrystallisation from glacial acetic acid. In spite 
of the use of anhydrous chromium(n) bromide the product 
was a dihydrate (Found: C, 21.2; H, 2.4; Br, 56.2; Cr, 9.1; N, 
4.8. Calc, for [C5H5NH]2[CrBr4-2H20]: C, 21.1; H, 2.8; Br, 
56.3; Cr, 9.15; N, 4.9%). The glacial acetic acid is probably 
the source of the water since it was not dried before use. The 
dihydrate was earlier1 prepared from CrBr2*6H20  and 
pyridinium bromide in ethanol.
All operations were carried out under nitrogen or in vacuum 
in glass apparatus, sometimes using an inert-atmosphere box 
and recirculatory gas-purification system manufactured by 
Faircrest Engineering Ltd., Croydon.
Determination of the Structure.—For the X-ray investig­
ation single crystals (0.5 x 0.1 x 0.1 mm) of the chromium- 
(n) complex were sealed into Lindemann capillaries under
t  Supplementary data available (No. SUP 56026, 3 pp.): H-atom 
co-ordinates, thermal parameters. See Instructions for Authors, 
/.  Chem. Soc., Dalton Trans., 1984, Issue 1, pp. xvii—xix. Structure 
factors are available from the editorial office.
C(5)
C(6)Br (2)
N(1)
C (3) C(2)
0 (1)
Br(1)
Br(1')
0 (1')
C(2 *)
C(3')
N(V)
Br(2')
Figure. Representation of [CrBr2(OH2)2]'2[Hpy]Br
nitrogen. The unit-cell dimensions were determined by least- 
squares refinement of a set of 25 reflections [(sin0)/X 0.45].
Crystal data. Ci0H i6Br4CrN2O2, M t — 567.9, triclinic, a =  
8.560(2), b =  12.745(4), c =  4.239(5) A, a =  91.46(1), p = 
90.81(1), y =  74.15(2)°, U =  447.7(4) A3, space group P i, 
Z  =  1, Dc =  2.12 g cm-3, F(000) =  270, graphite-monochro- 
mated, Mo-Xa radiation (X, =  0.710 69 A), p(Mo-ATa) =  95.29  
cm-1.
The intensity data were collected on an Enraf-Nonius 
CAD4 four-circle diffractometer in a 0-20 scan mode. 1 267 
Unique reflections were measured [(sin0)/X ^ 0.57] of which 
1 168 were considered to be observed [I >  2.58o(/)]. The 
data were corrected for Lorentz and polarisation effects. An 
empirical absorption correction 2 was applied. A reference 
reflection measured every 30 min of exposed X-ray time 
showed no significant change in intensity. The crystals are of 
the triclinic system and an examination of the E statistics 
indicated the space group to be P i.
Examination of a three-dimensional Patterson synthesis 
revealed the positions in the unit cell of the chromium atom 
and one of the bromine atoms. Using these as a basis for the 
solution of the structure, further F0 Fourier maps revealed 
the positions of all the other non-hydrogen atoms.
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Table 1. Final atomic parameters for non-hydrogen atoms in 
[CrBr2(OH2)2]'2[Hpy]Br with estimated standard deviations (e.s.d.s) 
in parentheses
Atom X y z
Cr 0.500 0.000 0.000
Br(l) 0.287 0(1) -0.005 23(9) 0.419 3(3)
Br(2) 0.382 2(2) 0.358 71(9) 0.520 0(3)
N(l) 0.729(1) 0.330(1) 0.117(3)
C(2) 0.953(2) 0.192(1) -0.008(6)
C(3) 0.809(2) 0.226(1) 0.123(4)
C(4) 0.788(2) 0.404(1) -0.025(4)
C(5) 0.926(2) 0.372(1) -0.152(4)
0(1) 0.578(1) -0.166 1(6) -0.007(2)
C(6) 0.011(2) 0.271(2) -0.160(5)
Assigning anisotropic thermal parameters to all atoms and 
coupling this with three cycles of anisotropic refinement 
reduced R to 0.073. The positions of the hydrogen atoms were 
calculated geometrically and when a Hughes weighting 
scheme was applied [w =  1.0 for K < F or w =- (K/F)2, K — 
169.0] R was reduced to a final value of 0.065.
Final atomic parameters are shown in Table 1, relevant 
bond lengths and angles in Table 2. The Figure shows a 
representation of the molecule.
All computations were carried out using the Enraf-Nonius 
SPD-plus package of programs and a DEC PDP 11/23 com­
puter.
Discussion
The chromium atom lies on a centre of symmetry. The 
CrBr2(OH2)2 units are consequently strictly /ra/w-planar. The 
Cr~OH2 and Cr-Br(l) distances (2.04 and 2.60 A) are short 
enough for these entities to be considered bonded. The 
Cr- Br(2) distances, however, are almost 5.0 A, and the Br(2) 
atoms are displaced laterally from the axis through chromium 
perpendicular to the CrBr2(OH2)2 plane along which they 
should lie if bonded (Figure). They are therefore ionic. This is 
confirmed by comparison with the structure3 of the guanidin­
ium salt [C(NH2)j]2[CrBr4(CH;jC02H)2], the only tetrabromo-
Table 2. Bond lengths (A) and angles (°) for [CrBr2(OH2)2]-2[Hpy]Br 
with e.s.d.s in parentheses
Cr-Br(l) 2.579(1)
Cr-O(l) 2.038(2)
Br(l)-Cr-0(1) 90.05(6)
Br(I')-Cr-Q(l) 89.95(6)
N(l)-C(3) 1.321(8)
N(l)-C(4) 1.337(7)
C(3)-N(l)-C(4) 122.2(4)
C(2)—C(3) 1.317(9)
N(l)-C(3)-C(2) 119.8(5)
C(2)-C(6) 1.409(9)
C(3)-C(2)-C(6) 116.8(5)
C(4)-C(5) 1.265(8)
N(l)-C(4)-C(5) 118.6(5)
C(5)-C(6) 1.295(8)
C(4)-C(5)-C(6) 122.9(2)
chromate(u) for which detailed structural data are available. 
The trans anions contain acetic acid molecules bonded by 
carbonyl oxygen (Cr-O 2.06 A), and there are two short 
(2.64 A) and two long (2.84 A) Cr~Br bonds {ef. M 2[CuBr4- 
(OH2)2] above}. The first two distances are comparable to the 
Cr-O and Cr~Br(l) distances in the pyridinium compound, 
but the last is much shorter than the Cr- Br(2) separation. A 
Br(2)~H(l) distance of 2.34 A is indicative of a strong hydro­
gen bond between the pyridinium cation and Br(2). This, with 
the other packing requirements of the pyridinium cation com­
pared with the spherical cations in M 2[(Cu or Cr)Br4(OH2)2], 
has apparently led to the unexpected molecular structure.
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